IEUWE SERIE, 16E JAARGANG PRUS #2.— NUMMER 3, MAART 1954 


GEOLOGIE 
MIJNBOUW 


MAANDBLAD 
VAN HET KONINKLUJK NEDERLANDSCH 
GEOLOGISCH-MIINBOUWKUNDIG GENOOTSCHAP 


REDACTIE: 


Prof. Dr. R.W. van Bemmelen, Ir. W. de Haan, Ir. J. A.C. ter Meulen, Dr. A. J. Pannekoek, 
Prof. Dr. M. G. Rutten, Ir. A. A. G. Schieferdecker, Prof.Dr.L. U. de Sitter, 
Ir. J. M. Weehuizen, Ir. A. van Weelden 


Algemeen redacteur: Dr. A. Brouwer 


Garenmarkt 1, Leiden, Tel. 26261 . 
INHOUD: 
Continental origin of fossil saltlayers, by Prof. Dr. M. G. Rutten. . 2 22 en ne 61 


Mineralogical analysis of soilclays, by Ir. C. M. A. de Bruijn and Ir. H. W. van der Marel . 69 


Tertiaire ertsgangtektoniek in Zuid-Bantam (Java), door Ir. W. de Haan. . . ».. .. 84 
Use of the Berek-compensator made easier, by A. C. Tobi . . x... u nv 97; 
rn sen. 90 
Geologisch en Mijnbouwkundig Nieuws . » » 2 mn n nenn ee 2 | 
nr EEE ar Er Ba Ser BE BE BE Ba ar Ba BE Ze Zu 93 
Be BE BE ee Be Ze Se BE Ba Er Bee Se Ze Zu Ze 94 
ee Er BE Be Be ER BEE SE Ba Be BEE BE Be BE Ze 94 

..94 


Personalia. . 


GEOLOGIE EN MIINBOUW, NW. S., 16€ JAARGANG No. 3, MAART. 1954, PAG. 61-94 


ri 


KONINKLIJK NEDERL. GEOLOGISCH MIJNBOUWKUNDIG 
GENOOTSCHAP 


(Royal Netherlands Geological and Mining Society) 


Besturr van het Genootschap: 
(General Couneil) 


Ir H. M. E. SCHÜRMANN, Voorzitter. 


Prof. Ir H. J. DE WIJS, Secretaris, Münbouwstraat 20, Delft. 
Ir L. W. LEYDS, Penningmeester, Raamweg 41, 's-Gravenhage. 


Ir J. H. BELTMAN. 
Ir #3. J. M. W. DE QUARTEL. 


Bestuur van de Geologische Sectie: 
(Council of the Geological Section) 
Ir A. VAN WEELDEN, Voorzitter. 
Prof. Dr G. L. SMIT SIBINGA. 


Dr J. D. DE JONG, Secretaris, 
Spaarne 17, Haarlem. 


Dr P. KRUIZINGA, Penningmeester. 
Prof. Dr Ir R. W. VAN BEMMELEN. 
Dr D. J. DOEGLAS. 
Prof. Dr E. NIGGLI. 


Bestuur van de Geophysische Kring: 
(Council of the Geophysical Section) 


Ir A. VAN WEELDEN, Voorzitter. 
Dr A. J. PANNEKOEK. 


Ir J. W. DE BRUYN, Secretaris- 
Penningmeester, 


Carel van Bylandtlaan 30, 
’s-Gravenhage. 


Bestuur van de Mijnbouwkundige Sectie: 
(Council of the Mining Section) 
Ir. W. MARTENS, Voorziitter. 


Ir. G. J. BAKKER, Secretaris, - 
Drievogelstraat 115, Spekholzerheide 


Ir. P. S. BAKELS, Penningmeester, 
Beatrixlaan 9, Geleen 


Prof. Ir. Th. R. SELDENRATH. 
Dr. W. DE BRAAF. 

Ir. G. B. DEBETS. 

Ir. H. P. KOOPMANS. 


Algem. redacteur „Geologie en Münbouw”: 
(Editor „Geologie en Münbouw”) 

Dr A. BROUWER, Garenmarkt 1, Leiden. 
Uitgever „Geologie en Münbouw”: 
(Publisher „Geologie en Minbouw”) 

G. A. TIESING, Vogelkersstraat 48, 

’s-Gravenhage. 


De jaarcontributie van het Genootschap bedraagt f 20.— voor het lidmaatschap van beide 
secties en f 15.— voor het lidmaatschap van de Geologische of de Mijnbouwkundige sectie. 
Leden van de geologische sectie en van beide secties kunnen ook lid zijn van de geophysische 
kring, in welk geval de jaarcontributie met f 1.— wordt verhoogd. 

Gewone leden, ouder dan 65 jaar, kunnen een reductie van f5.— op de jaarcontributie 
verkrijgen na opgave van geboortedatum en geboorteplaats aan de secretaris van het Genoot- 


schap. 


Met ingang van 1 Januari 1950 kunnen gewone en ereleden van het Genootschap, indien zij 


tevens gewoon lid of erelid zijn van het Koninklijk Instituut van Ingenieurs een verlaging van 
20 % op beide contributies verkrijgen, indien zij hiervan kennis geven zowel aan de secretaris 
van het Genootschap als aan de Algemeen secretaris van het Koninklijk Instituut van Inge- 
nieurs. 
Contributies dienen gestort te worden op de sirorekening va ing 
Genootschap, No. 40517 te ’s-Gravenhage. : ; en en 
Alle leden van het Genootschap ontvangen het maandblad „Geologie en Mijinbouw” gratis; 
de gewone leden bovendien de publicaties van de sectie(s) waarvan zij lid zijn. E 
De abonnementsprijs van „Geologie en Mijnbouw” bedraagt voor niet-leden f 15.— per jaar 
voor het binnenland en S 16.50 per jaar voor het buitenland. De prijs voor losse nummers 
nos, en a repe Ln een aparte prijs vastgesteld). Abonnements- 
e nummerbetalingen dienen te geschi i i i 
GA Tiesing, No, 40958 te ne geschieden op de girorekening van de uitgever 


1,0 qllden:"cpare cople 3 que encpt eyes numbers Anpıaine or sühseripk 
a Gr As sing, Vogelkersstr. 48, The Hague. 
Secretarg, Ned. Geologisch Mdnboupkundig Gencotschupn. Mpsbanustrdet Ba 
me TE gr genen 
Kae en Münbouw, c.o. Rüksmuseum van Geologie, ee 
For correspondence concerning advertisements and subscriptions of „Geologie en Mün- 


bouw” and for the purchase of separate les: jesi i 
The Hanue (Netherlänas). f sep coples: G. A. Tiesing, Publisher, Vogelkersstr. 48, 


2 


uspJoMm 


usBbozeBuıs usz4n}S us.4eqjjs}sIsa Sıp 
pus4yeMm ‘4z}8saB6 sıa]Busy>93.1}G sep ne 
usz}jespey usp yw Jo PIIM ‘usuuoy 
nz usiyejisaA UsBbemuyog usp wN 

usgqsBnzıs1} jejneyssspe7 Sıp ıny 
wney Usp wn ‘uspIsem Pjusmyasab 
sy>S Anz »z}2spey Sıp puslyem ‘uaz 
-1n45 usıegqjjejs3saA y ne uobemuyog 
JSp }ynı uspe] pun usuyog Iog 


Bulydsewepejssorg 
zw 


N39VMAHOAS 


N 


N GAAS 


E 
VAN DE GROFSTE TOT DE FIJNSTE MAAS- 
WIDTES UIT ALLE VERWEEFBARE METALEN 


GEWEV 


= SE 
= 

van ge DEV 

g So St N 
L 

0] e Pr) SS, 28m 

[=2) © Ha SS we 

3» &@ Lo .£ ® JS Ö 

= o92 0. te X% ser 

am © © Don “oO. = 

ss 2 © Suocsı.2 © mE 

mu >\ SODASS e re: 

eg E a Ze —O 

3 u 206255 oo E 

nn u MOUSE 2ocesyo 

u. Se cu EgE 

One DETERE ee 

N= = 0 09 an Sr) 

St NG oO Mm © 

o US ® = 

(See OPUEnSES 


Daardoor geschikt voor alle doeleinden 
(o.a. zeer goed voor SCHROEFASVOERINGEN) 


IR L. SMIT & ZOON 


Atd.: Metaalgieterij 


METAALDRAADWEVERI) 


N.V. 


KINDERDIJK Tel. K 1800-115611 


DINXPERLO - 122 


u 
Eu] 
=) 
1 
Au 
Fa 
EL 
cd, 
m. 
) 
er 
Se 
pn 
ea 
=) 
1 

= 

z 

= 


DE NIEUWE KOOLWINNINGS-, LAAD- EN 


TRANSPORT-MACHINE. 


MET EEN CAPA- 


REN opulen 'n 


CITEIT TOT 1000 TON PER DIENST VOOR 


"H 9zs 


LAGEN VAN 40 CM EN HOGER, BIJ EEN 


HELLING VAN 30° 


BENEDENWAARTS 


EN 16° OPWAARTS. 


UNEN 


‚FERRUM” HEERLEN 


.. 


GEWERKSCHAFT EISENHÜTTE 


STFALIA L 


&® we 


D 


VERT. INGENIEURS-BUREAU 


it is de 


Last U omgaand 
uitvoerige inlichtingen 
zenden, omtrent de 
mogelijkheden, die dit 
toestel ook voor Uw 
bedrijf heeft. 


BENFTIO.R EN: TE: 


BERZUESE SEGEL ou O.N«D’EIN 


een van de 4 standaard uitvoeringen van de Brown ElectroniK Potentio- 
meter. Dit aanwijzende, registrerende en eventueel ook regelende 
instrument, met ziin rum 30 cm brede registratiekaart, dat ook als 
meerpunts-toestel verkrijgbaar is, zodat maximaal 16 meetpunten aange- 
sloten kunnen worden, is wel het meest universele van de ElectroniK-serie. 
Op verzoek kunnen deze toestellen ook geleverd worden als: 

Functie-schrijver, meerpunts-regelaar, twee-pens-schrijver, meerpunts 


pneumatische ontvanger etc. 


HONEYWELL 


e PARUS oe STOCKHOLM e ZURICH 
TER 


„Titan”’ ondersteuningsmateriaal in schuifpijler 


Mijnstempels, Kappen, Koppelstukken, 


Voorspanschoenen, Hulpstijlen, Losse voetplaten. 


DU CROO & BRAUNS - AMSTERDAM 


SKIPUERVOER 


WIPDERS 
MEEFTBUNKERS 
SKIRS 
SCHACHTUITRUSTING 
LUCHTSLOIS 
STORAFZUIGING 


BOVENGRONDSE 
KOLENVERWERKING 


LOSULOEREN 
WASSERYEN 
TRANSPORTEUBS 
EMMERLADDERS 
ZEUEN 
i WASMACHINES 
\ ) SCHUIMMACHINES 


MECHANISCHE 
KOOLWINNING 


SCHRAPERINSTALLATIE 
MET TWEETROMMELLIER 
MET PLANEBT- 
AANDRYUING 23OPK 


KÖOLENSCHAA@F- 

- INSTALLATIE MET 
SCHRAPERTRANSPORTEUR 
LAADSCHRAPER 


PWLERSCHRAAPBAND 


GUSIO 


SCHIEDAM FIRMA e. F. SMÜOLDERS HOLLAND 


a di a Din 


ISE) 


ieferungsprogramm 


ÜR AUFBEREITUNG - DORTMUND 


AKTIENGESELLSCHAFT F 


2 
eo) 
EG 
r 
[ee 
es 
=> 
Bu 
fü 
DA 
5 
ui da 
74 
rg 
> 
ER 
{ed 
"® 
7’ 
dd 
Pe] 
au 
6) 
N 


a A 


Alg. Techn. & Ind. Bur. 


HEERLEN (Holland) 
Tel. 4114 
“ 


GUTEHOFFNUNGSHÜTTE 
STERKRADE AKTIENGESELLSCHAFT 
WERK STERKRADE 


TOUWEABRIEKEN 


ROTTERDAM 


's-GRAVENWEG 264 - TELEFOON 114060 


GHH- 
ALUMINIUM-KAPPEN 


Vertegenwoordigd in Nederland door: 
ROLLO N.V., DEN HAAG 
Alexanderstraat 10, Teiefoon 183170 
Subagent: Dipl. Ing. F. J. Hundscheid 
Kerkrade. Niersprinkstr. 28. Tel. 2598 


FF EEE 


OTTO FENNEL SÖHNE, KASSEL 
N _  Isolatiematerialen 


voor warmte- en koudeverliezen, 
geluiddemping en trillingen. 


Asbest 


weetsels, h.d. pakkingplaten 
en machine-pakkingen. 
Bestand tegen stoom, olie, 
water en zuur. 


Scandura 
transportbanden, op p.v.c. basis 
onbrandbaar, onaantastbaar voor 
GEODETISCHE INSTRUMENTEN ZOALS: < vocht en schimmel. 
MIJN- EN MAGNEETINSTRUMENTEN N.V. Internationale Technische Handelmij 
STALEN MEETBANDEN A | VIHFA F J 
NIVELLEER INSTRUMENTEN JG 
THEODOLITEN x 5 C L = T O N 
TACHYMEITERS ENZ. DEE 2 er 
"Js NIEUWE HAVEN 143-147. SCHIEDAM 
VERKOOPKANTOOR: TEL. 65111 (3 LUNEN) 
AMSTERDAM-GRONINGEN 
N.V. TECHNISCH HANDELSBUREAU Telet 40767 Tslef. 21209 
B R ©) N S E N D | E K Alleenvertegenwoordigers van de 


HAAGWEG 81 = RUSWIK (Z.-H.) British Beltiing & Asbestos Lid 
TELEFOON 119409 Cleckheaton, England | 


‚d „DMAO 


Kurdooimackit 


voor 350 meter boordiepte. 


Geheel gesloten constructie. 
Compact, solide, licht. 

4 boor-, 4 hijs- en 

2 pompsnelheden. 


HAARE EMS SH OL LT AING 


Das ideale Fördermittel für dünne Flöze: 


Keine Traggerüste, das Gummiband 
läuft direkt auf dem Liegenden, 
trotzdem nur normaler Bandverschleiß. 


Einfaches Umlegen der Anlage: 


Nach Rücken der Antriebs- und Umkehr- 
station zieht sich der laufende Gurt 


selbsttätig in das neue Abbaufeld vor. 


Bitte, rufen Sie an; 
Fachingenieure und Montagedienst stehen zu Ihrer Verfügung! 


7 IE 
GEBR. Bo BOCHUM 


SJ BE DE GROOT Anna Pawlonalaan 41, Telefon 4418, Ammersfoort 


abels 


n onze schachtk 


constructie va 


nd regen sueenvel 


bijzondere® 
bewapening best 


bedrijfsstoring 


met draad 


yoorkomt 


MASCHINENFABRIK GLÜCKAUF - GELSENKIRCHEN 


Dubbelwerkende Aluminium Omdrukcylinders voor 
kettingtransporteurs 


\ 130 mm 


530 kg \ 400 mm 
! 200 mm 


slaglengte ) 800 mm 


gewicht 130/400 19 kg - hoogte 155 mm - breedte 230 mm 
gewicht 130/800 28 kg - hoogte 155 mm - breedte 230 mm 
gewicht 200/400 32 kg - hoogte 260 mm - breedte 250 mm 
gewicht 200/800 42 kg - hoogte 260 mm - breedte 250 mm 


Ba 
lt 1300 ka 


Uitschuifbare aluminium schoorstempels 


Vertegenwoordiging: 


INGENIEURSBUREAU „LIMAHA” KW 
KERKRADE - ABTENLAAN 58 
TEL. K 4445 - 2156 


NILOS G.m.b.H. - Düsseldorf 


Hersteller und Lieferant der Original - NILOS - Erzeugnisse 
zur Förderband -Verbindung - und Ausrüstung 


NILOS-Haken und Zangen zum 
Verbinden von Förderbändern. 
NILOS-Bandspanner mit selbst- 
spannenden Klemmen. 

NILOS -Bandschneider, Bandgriffe 
und Bandnadeln. 


NILOS-Bandwächter zur Verhütung von Bandbränden 


und Kohlenstaubentzündungen durch Überwachung 
des Bandlaufs und Abschalten des Antriebs im Ge- 
fahrenfalle. 


Alleiniger Vertreter für die Niederlande und Belgien: 
0.L. Friedenreich, Ingenieur Civil des Mines (A.1.Br.) Bruxelles-St-Gilles, 51, rue de Joncker 


N 


ZWEEDSE KLOKPOMPEN 


„Flame-proof” 


In de moeilijkste om- 
standigheden, zowel 
onder alsboven water, 
werken de electrisch 


gedreven Zweedse 
klokpompen, zonder 
toezicht, steeds door. 
Water (zoet, brak of 
zout), eventueel ver- 
mengd met klei, zand 
of steenslag, wordt 
in de kortst mogelijke 
tjjd verpompt. 


ME 


cemen sie  GROOTHANDELSGEBOUW-ROTTERDAM 


Weena 703 - Telefoon 11.52.14 


5 


SIEMENS 


ELECTRICITEIT IN DE MIJNEN 


Centrale bediening De Siemens-bedieningslessenaar bevat centraal alle voor de ophaal- 
machine vereiste bedienings- en contröle-inrichtingen, zoals: 


1 bedieningshefboom 

2 hefboom voor de bedrijfsrem 

3 hefboom voor de noodrem 

4 hefboom voor personenvervoer 
5 diepteaanwijzer 

6 snelheidsregelaar 
7 

8 

9 

10 


contröle-instrumenten voor de rem en de ophaalmotor 
snelheidsmeter 


aanwijsinstrumenten voor de schachtsignaalinstallatie 
luidspreker en microfoon 


Alle instrumenten zijn hierdoor zeer overzichtelijk voor de ophaalmachinist 
en maken een continu-contröle van de bediening mogelijk. 


8/50 


NEDERLANDSCHE SIEMENS MAATSCHAPPI) N.V. - RIIJNSTRAAT 24: s’'GRAVENHAGE : TEL. 723810 
ALLEENVERTEGENWOORDIGING VAN: 
SIEMENS-SCHUCKERTWERKE AKTIENGESELLSCHAFT - BERLIN-SIEMENSSTADT. ERLANGEN 


0885/8/50 


NIEUWE SERIE, 16e JAARGANG 


NUMMER 3, MAART 1954 


GEOLOGIE EN MUNBOUW 


CONTINENTAL ORIGIN OF FOSSIL SALT LAYERS 


M. G. RUTTENI 


SUMMARY 


Continental origin of salt layers is advocated, by 
introducing the Chott-ech-Chergui-model of western 
Algeria. High evaporation in a very large closed 
basin leads to salt deposition and the formation of 
a salt lake, directly from fresh water springs, which 
are only slightly mineralised. This view is tested 
.upon the example of the german Zechstein. 


INTRODUCTION 

A visit to arid and semi-arid regions, such as 
has been the privilege of the members of the 
XIXth session of the International Geological 
Congress in Algers, obliges to a reconsideration 
of the origin of extensive salt deposits. 
Although modern textbooks are not very ex- 
plicit on the matter, normally an oceanic — or 
lagoonal — genesis is indicated. The influence 
of the suggestive title of VAN 'T HOFF's woık 
Zur Bildung der ozeanischen Salzablagerungen 
may still be responsible for this situation, as 
nowhere a good, workable model, explaining 
the formation of salt deposits, is given. Several 
textbooks mention a possible formation of 
rocksalt through evaporation of former lakes, 
and refer to present day salt lakes, but take no 
stand, as to which deposits of the past are of 
oceanic and which are of continental origin. 
-As far as I know, only WALTHER explicitly 
advocates a continental origin of all rocksalt 
deposits. 


OCEANIC ORIGN 
Nevertheless, the difficulties to be overcome 
in assuming oceanic or lagoonal origin for salt 
depositis, are enormous. As in many other 
instances, translation of the test tube chemistry 
of VAN 'T HOFF to size and circumstances of 
the geological scale, introduces a totally dif- 
ferent set of circumstances. The mere fact that 
the sequence of evaporites in many salt deposits 
resembles that of sea water heated over a 
Bunsen flame, is no indication of similarity of 


1 Mineralogical-Geological Institute, University 


of Utrecht. 


origin. Although limestone-dolomite-anhydrite- 
rocksalt and potash salts are found in a per- 
fectly natural sequence, it is not feasible to 
explain their formation by the evaporation of 
a single body of sea water. Oceanic depths of 
some seven thousand meters should in that 
case have existed for every 100 meters of salt 
deposits. As many of the thickest and most 
extensive salt layers are found in truly epıcon- 
tinental facies, this seems to be out of the 
question. 


The sandbar theory of ÖCHSENIUS, pos- 
tulating a wide lagoon in which the salt de- 
position has occurred, is consequently used in 
one form or another, to explain the possibility 
of accumulation of thick salt depositis in shal- 
low seas. Either by a temporary overflowing 
of a low bar, many times repeated for instance 
by the squence of the monsoons (FULDA) or 
even more frequently by former high tidal 
floods (WILLFARTH), or by a continuous sub- 
surface flow of new sea water, more and more 
salt is brought into the basin, where evapora- 
tion, subsidence and the influx of sea water 
are neatly balanced over long periods, to ena- 
ble the formation of thick salt deposits. 


If these factors really had been at work in 
nice adjustment over the necessary periods, no 
difficulty would be found in explaining quan- 
titatively the enormous tonnage of salt evapori- 
tes in a given basin. But, qualitatively the model 
does not work. Salt deposits are conspicuous 
by their rigid separation of the successive terms 
in one sequence of deposition. Mixing may 
occur, or broader or finer alternating layers 
are found of different minerals, but nearly 
always, mixing or layering is confined to two 
consecutive terms in the evaporite series, with 
the exclusion of both lower and higher ele- 
ments. This rather rigid sequence of evaporites 
can be understood in the evaporation of a 
single body of sea water, but not when new 
sea water is continuously or intermittently 
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added during the evaporation process. In the 
latter case. limestone, dolomite and anhydtite, 
produced by the evaporation of the new sea 
water, ought to be found mixed with the salt 
layers, right up to the final deposits of an 
evaporite sequence. The sand bar model could, 
in fact, be only operative, if nature were able 
to work it in the same way as is followed in 
salt pans. There, the concentrated sea water 
is drawn off a pan, after carbonates have been 
deposited, and the composition of the final 
fluid left to evaporate as a rocksalt producer, 
is only formed by expert manipulation of the 
gradually thickening brine. It is difficult for a 
geologist to postulate in nature some such 
delicately balanced process to have been 
operative, over the long periods required to 
arrive at a sizeable thickness of deposits, every 
time he finds a salt layer. 


Also, there is of course the difficulty, that 
the bars which should have closed up the for- 
mer basins, have never been found. Neither 
can the infuence be detected of the very con- 
siderable amount of new sea water, which kept 
flowing into the basin all through evaporite 
deposition. For the older salt layers, those of 
the Zechstein for instance, we may of course 
always excuse the fact that no bars have been 
found, by remarking that knowledge of Zech- 
stein paleography is necessarily somewhat 
sketchy. Continued existence of these low 
structures, with the exception of the short 
periods of general flooding separating the 
evaporation cycles, postulated all through 
Middle and Upper Zechstein, seems, however, 
very unlikely. The more so, as, during the 
Zechstein, regional geology points to a change 
over from post-variscian paleogeographic trends 
to the younger pre-alpine directions. This in- 
dicates possible relative movements of diffe- 
rent blocks, which is not very encouraging 
either for the hypothesis of longlived bars 
separating a series of lagoons from the sea. 
For younger deposits, such as for instance the 
Alsatian potash salts of the Oligocene of the 
Upper Rhine Graben, this has however already 
led to unsurmountable difficulties in explaining 
their genesis as oceanic., 


But even if the former bars, which may have 
been relatively narrow, have escaped our 
detection, it seems hardly possible, that this 
could be true too for the influence of the con- 
stant or rhythmic inflow of sea water, postula- 
ted by the lagoon-and-bar model. Not only 
should the lanes of influx be represented by 
areas of reduced salt deposition, but also the 


sea water must have carried with it at least 
part of its fauna, which should by now have 
become known, fossilised in facies equivalents 
adjacent to the salt layers. Moreover, we might 
expect the establishment of a special saline 
fauna along the border of the inflowing sea 
water. Now, if we compare these theoretical 
considerations with, say, the Zechstein, of 
Germany, as one of the best known of the 
mayor salt provinces, there is no apparent 
correlation. Facies equivalents are found, when 
one goes from the presumed border of the 
basin, to its centre, but during the main 
evaporation periods, these hardly extend 
beyond the anhydrite-rocksalt-posash salts ele- 
ments of the sequence. During these periods, 
there is no indication of any inflow of new, 
normal sea water. Moreover, the various 
evaporite elements fill large areas, roughly 
concentrical around the potash salt centre, so 
that again the difficulty crops up, where the 
earlier precipitates of the newly arrived sea 
water are to be found, and how the brines 
reached their destination. Marine influences 
are found, not in the evaporite series, but on 
the contrary, in the relatively thin intermediate 
series, that divide the Zechstein into a number 
of separate evaporation cycles. These have 
nothing to do with the influx of new sea water 
needed to supply the quantity of salt in each 
evaporation cycle, but indicate general positive 
movements of the sea level, which drown the 
entire area, and put a temporary stop to salt 
deposition. 


CONTINENTAL ORIGIN 


Difficulties, encountered in explaining salt 
deposits through oceanic origin seem to be 
non-existant, when continental origin is pos- 
tulated instead. In that case climate seems to 
be the only important factor. Present-day salt 
lakes range from 400 m below sea level in the 
Dead Sea, to 1000 m above sea level in the 
Chott ech Chergui. Present-day salt lakes show 
a great variation chemically, and deposits of 
a very varied composition are formed. It is 
true, that the extent of present-day salt lakes 
is small in comparison with the layers of fossil 
rock salts, nor is the thickness of their deposits 
in any way comparable. We must, however, 
bear in mind that at present we are in an 
unstable period of the earths history, at the 
end of the alpine orogeny, and with a climate 
which is certainly less suitable for salt forma- 
tion than, say, that of the Permotriassic. Most 
former salt deposits have been formed during 
very quiet periods of the earths history, when 


there had been extensive peneplainisation of 
topographical relief. In the past, salt deposits 
may consequently have had ample opportunity 
of reaching large dimensions and developing 
into thick series of evaporites, much larger 
than is possible nowadays with the strongly 
dissected postorogenetic topography and the 
relatively cold and humid climate of our times. 
If continental rocksalt formation is actually 
possible under certain climate conditions 'of 
the present, the very great dimensions of fossil 
rock salt deposits may be easily explained by 
the large peneplained areas over which, and 
the long times during which, in stable periods 
of the past, similar conditions may have held 
sway. 


In this respect, the northafrican salt lakes 
are very interesting, in particular the Chott 
ech Chergui, (GAUTIER, 1952). The following 
characteristics are of importance. It is situated 
in a closed basin of very large size, about 
40.000 sq km, which corresponds to about the 
area of Switserland. The salt lake itself is 
about 2.000 sq km, at an altitude of 1000 m 
above sea level. In the basin arid and semi- 
arid conditions prevail, with annual rainfall 
variable, but not very low; between 200 mm 
and 400 mm. Daily strong temperature diffe- 
rences are found, whilst the atmosphere is very 
dry, due both to desert winds and to the high 
altitude. As a result, more than 90% of the 
annual rainfall evaporates. In fact, the Chott 
has been described by GAUTIER as "une enorme 
machine &vaporatoire naturelle”. "The rainwater 
which is not directly evaporated, infiltrates for 
the greater part. Only during exeptionally 
rainy periods do surface water flows reach the 
Chott level. The Chott and its surroudings 
form an artesian basin, with the watertable 
only just below the surface. This artesian 
ground water emanates in natural artesian 
wells in the Chott itself and its immediate 
surroundings. The wells carry fresh water, 
only slightly mineralised. A mean value of 
1,5 g/l is given. Nevertheless, evaporation on 
the lake surface is so strong, that a low cone 
of salt, deposited from the fresh ground water, 
surrounds every well. Evaporation consequent- 
ly leads to a salting of the lake and to the 
deposition of salt, not from brines or from 
waters already partly evaporated and con- 
centrated, but directy, from fresh water, as 
pure, as any Water Board would want. 


Every possibility for the genesis of rocksalt 
deposits consequently is present in the Chott 
erg Chergui but stability and geological time. 
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These two factors are of course lacking in the 
highly mobile and strongly elevated belt of the 
Atlas mountains. To illustrate the short life 
span of the Chotts in the Atlas region, it is 
sufficient to point out, that both the Chott de 
Berguent to the west and the Chott de Massine 
to the east have already been attacked by rivers 
through backward erosion, and do not form 
closed basins any longer. For the rest, it is 
easily seen, that chemical composition of the 
salt lake is predominantly governed by the 
climate. More rainfall, or less evaporation, or 
both factors combined, will result in a fresh- 
ening of the brine, whilst higher evaporation 
will tend to stronger salt deposition. Carbonates 
may then be deposited elsewhere either on the 
surface in the impluvium, or in the ground, 
during the passage of the groundwater to the 
central salt lake. Potash salts may be deposited 
in the central salt lake during periods of intense 
evaporation. Re-solution of superficial salt 
deposits may take place during more rainy 
periods, and lead to a repeated deposition in 
dryer times. Given space, time and a similar 
climate, any known rock salt deposit may have 
been formed in this way. 


Given space and time, continental formation 
of rock salt deposits, operating according to 
the Chott-ech-Chergui-model, will be capable 
of producing the enormous quantities of salt, 
found in fossil salt layers, which have always 
been difficult to explain through the theory of 
oceanic origin of salt layer formation. For 
instance, in the often quoted exemple of the 
sequence Atlantic Ocean — Mediterranean — 
Black Sea, the increasing salinity will be 
pointed out. If only, it is then argued, the 
rivers draining into the Black Sea would be 
smaller, its level might become lower through 
evaporation, its salinity would rise, and an 
oceanic contemporary salt deposition would 
soon start. Quantitatively this would still leave 
us some difficulties, whilst . qualitatively we 
should undoubtediy find the influence of the 
steady inflow of fresh sea water through the 
Dardanelles expressed in the sediments formed. 
On the other hand, if only in a Chott-ech- 
Chergui-model closed basin, evaporation is 
stronger than rainfall, salting and salt deposi- 
tion will eventually take place. It is only the 
balance that counts. The larger the impluvium, 
or the larger the fainfall, the larger the under- 
ground waterflow or the rivers draining into 
the basin will be, and the higher the rate of 
salt deposition, if only evaporation is higher 
than rainfall. 
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The origin of the salt, which eventually 
becomes deposited in the basin, must be sought 
for in the underlying sediments. If these are 
marine, filled with, or retaining a part of their 
connate water, or if their pores have been 
filled with salt water during an earlier trans- 
gression, this salt will eventually be washed 
out by rain water to a considerable depth, and 
brought to the surface. The amount of rock- 
salt, which can be formed in this way is almost 
unlimited if the impluvium is large enough, 
because groundwater circulation reaches very 
deep. [Compare the fresh water impregnation 
under the dutch coastal dunes, or the fresh 
water infiltring in the Ardennes that washes 
out the subsoil of eastern Belgium and northern 
France (DeL&CoURT, et al., 1947)]. 


Moreover, rock salt deposits have often been 
called oceanic, because their overall chemical 
composition resembles that of sea water, and 
for that reason alone. Intricate auxiliary hypo- 
theses were, however, needed in most cases, 
because of existing discrepancies between the 
composition of these rock salt series and sea 
water, the resemblance being of a very general 
nature only. Continental affluents, rich in Ca 
or Mg, had to be assumed without any other 
corroborating evidence, because of these dis- 
crepancies in large paits of most salt layers. 
In continental salt deposition according to the 
Chott-erg-Cherqui-model, this overall chemical 
resemble between salt layers and sea water is 
very easy to understand, just as the local 
deviations which are so frequently found. Sea 
water, either in the form of connate water, or 
of water infiltrated during an earlier trans- 
gression, forms the base of the mineral content 
of the fresh ground water that washes out the 
impluvium of a closed basin. Overall chemical 
composition of a rock salt deposit will there- 
fore resemble that of sea water. Differences 
are, however, likely to occur, both in definite 
areas, or in certain salt layer series. Solution 
of limestones and dolomites through weathe- 
ring, will add Ca or Mg, whilst the concen- 
tration of the brines may well vary from one 
end of the salt lake to the other, and dif- 


ferential deposition of the earlier precipitates 
might be a normal thing. 

Small crustal movements, occurring during 
evaporation, may add their influence too. 
Tilting of the central area of the basin, or the 
formation of temporary bars, will all have 
their influence on the facies of the formed 
rock salt la-ers formed. Once the basin is above 
sea level, it does not matter so very much, in 
the continental basin evaporation model, how 
much its elevation is, nor do smaller crustal 
movements exert any great influence, beyond 
local or temporal differences in facies. It is the 
low bar, to be maintained just about sea level 
for such a long period, which forms one of the 


difficulties of the OCHSENIUS model. Once 
well above sea level — or well below it for 
that matter — small crustal movements may 


well have local effects, but these will not be 
nearly as important as when similar small 
movements effect a change from continental 
to marine environment. 


THE GERMAN ZECHSTEIN AS EXAMPLE 

In taking the german Zechstein as example, 
we have not only. the largest known salt de- 
posit, but also one of the best known, by the 
many publications dealing with its size, facies 
and genesis. In fig. 1 a stratigraphical section 
is given, for the central part of the basin, based 
on LOTZr (1938). Local variations in neigh- 
bouring basins are not important genetically, 
as everywhere the same cyclic or rhythmic 
sequence of deposits is found. The following 
then is characteristic of Zechstein salt layers. 
Each cycle begins with clastics and/or car- 
bonates, followed in time by anhydrite and 
rocksalt. Potash salts are found in minor seams 
only, situated well towards the end of each 
ihythm. In contrast to the gradual change-over 
of the evaporites towards the more soluble 
salts in the lower part of each rhythm, the 
upper, retrograde, part of these series may be 
very thin; non-saline deposition evidently often 
following rather suddenly the period of 
strongest evaporation. 

This column clearly shows the difficulties 
encountered in explaining how concentrated 


Fig. 1 — Stratigraphical section of the Upper Permian in the central german Zechstein area. 
from LoTze (1938). Stratigraphical column with cycles of evaporation according to RICHTER 
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showing clastics-anhydrite-rocksalt-potash salts development, and local strati- 
between indication of continental or marine facies, according to the present 


In this view, the Zechstein Sea loses much of its former importance. The Upper Permian in North- 


western Europe becomes a dominantl 
Permian and the continental Lower Triassic. 
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brines could be maintained in nature over the 
long periods needed for the formation of the 
rocksalt layers. Some quotations are given to 
illustrate the universal solution of this diffi- 
culty supplied by authors. 


”The alternation of rocksalt and potash seams 
in the Lower Rhine Basin proves, that the closed 
basin had constantly repeated connections with the 
open sea, during the time of salt deposition (Kukuk, 
1938, p. 394)". 

"This relative thickness (25 m ä 40 m of the 
Haupfanhydrit) cannot be explained by a single 
evaporation- and deposition process, but rather by 
the addition of very many secretory cycles, each 
with an amplitude so small, that neither the border 
of NaCl secretion, nor that of carbonate secretion 
was reached (Lorze, 1938, p. 474)". 


"The rocksalt layers of the Middle Zechstein are 
without doubt "marine” in the sense that they 
mainly originate from marine solutions... Chemi- 
cally they belong to the type of marine deposits... 
The great thickness requires a continuous inflow of 
new salt solutions, even during the time when NaCl 
deposition was already going on (ibid, p. 417— 
418)” (translations by the present writer). 

This constant inflow of new sea water 
seems, however, to be out of the question, in 
view of the very regular facies development 
in each basin. 


It has always been stressed how the end of 
a cycle was due to an overall transgression, 
drowning the bars and lagoons, diluting the 
brines, and forming the start of a new evapo- 
ration cycle. Now this is not correct. Only the 
two lower cycles of the stratigraphical section 
chosen, are capped by the frankly marine 
series of the Hauptdolomit and the Grauer 
Saltzton respectively. On the contrary, no fos- 
sils seem to haven been found in the Roter 
Salzton, which separates the 3rd cycle from 
the 4th. Within the 4th cycle itself, this is even 
more apparent, where the thick retrograde 
series formed by an alternation of rocksalt and 
anhydrite seams, contains more and more fine 
clastic material in jts higher parts, which leads 
via the Obere Letten to the continental depo- 
sits of the Bunter Sandstein. Also, the rhythm 
within the 3rd cycle may be cited, where 
potash salts of the Ronneberg seam are direct- 
ly capped by rocksalt belonging to the upper 
part of the Jüngeres Steinsalz. As no frankly 
marine or clastic material is intercalated be- 
tween the potash seam and the overlying rock- 
salt, this has been classed as a second order 
rhythm. But in principle, there is no difference 
between this rhythm and that of the 3rd and 
4th cycles, as in al three instances a new cycle 
of evaporation begins, without there being any 
influence of frankly marine conditions. 


There is consequentiy no direct relation 
between the end of a cycle of evaporites and 
a transgression. It may coincide with epiro- 
genetic movement leading to an overall posi- 
tive movement of the sea, or it may not. Now 
if we look at this stratigraphical column from 
the angle of the "machine evaporatoire” of the 
Chott ech Chergui model, the different cycles 
might be entirely of climatic origin. Every 
cycle conforms to a predominantly dry period, 
which may have become drier in time, but this 
is not even necessary. If only the balance of 
inflowing fresh water and evaporation shows 
losses for a long enough period, the resultant 
brines will eventually evaporate. 


In that case, the Zechstein becomes a pre- 
dominantly continental period in northwestern 
Europe, and gets into line with the Lower 
Permian and the Lower Triassic. The — rela- 
tively thin — Lower Zeichstein of course 
indicates a short marine period, but this is 
followed by a predominantly continental Middle 
and Upper Zechstein, and by the continental 
Bunter Sandstein. This continental sequence 
is only interrupted by two short marine periods, 
during the formation of the Hauptdolomit and 
the Grauer Salzton. It stands to reason, that 
such an extensive transgression also influenced 
the climate, and led to a completely fresh 
evaporation cycle, which started after the 
ensuing regression. The decline in salinity, 
however, occurring after the formation of the 
Ronnenberg seam and at the end of the 3rd 
and 4th cycles, may be due rhythmic variations 
in climate only. Of course, epirogenetic sub- 
sidence of the basin has probably continued all 
through the formation of the Upper Zeichstein, 
and stronger movements may have coincided 
with the final phases of the evaporation cycles. 
For this, however, there is no evidence to be 
found in the series of salt layers. 


The picture of a predominantly continental 
Zechstein, with only rare and minor trans- 
gression of short duration, is very similar to 
the well known picture of the paralic facies 
of the Upper Carboniferous; it proves that the 
explanation of the genesis of rocksalt layers 
by a continental origin does not lead to ideas 
untenable from general geological knowledge. 
Just as in the Westphalian, transgressions in 
the Zechstein, when they occur, are found 
directly following a conspicuously stable 
period. In the Westphalian these are expressed 
by the coal seams, in the Zeichstein by the 
formation of a potash salts seam. 


In fig. 2 a schematic section over northern 


Germany during the Zechstein illustrates the 
mode of continental formation of salt deposits, 
There is ample evidence that post-variscan 
topography, although strongly base-levelled, 
still showed a pattern of denudation areas and 
depository basins. Although the Lower Permian 
masks much of the pre-variscan folded belts, 
this has been omitted here, as the porous beds 
of this formation are not important as a water- 
table. The folded pre-variscan sediments, most- 
ly marine in origin, are washed out by rain 
water, scanty as this may be, and their soluble 
salts are eventually carried away towards the 
basins. Both west, south and east of the Zech- 
stein sedimentation area, immense regions must 
have been abose sea level. Moreover, the rain- 
water sinks into the crust over a depth many 
times that of topographical height differences. 
This is for instance shown by the deep pocket 
of fresh water underlying the Dutch coastal 
dunes, which has developed during the short 
period of part of the Holocene. Very large 
quantities of older rocks were thus available. 
They became gradually washed out by the 
rainwater, and the soluble salts were concen- 
trated in the closed basins for evaporation in 
great amounts. 
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or entirely separating the Lower Rhine basin 
from the Stassfurth region. 


The sea, in this picture of continental salt 
formation, plays a very minor part in Zech- 
stein history. As in the Upper Carboniferous, 
it will persumably have been situated some- 
where to the north. But the aerial extent of the 
short-lived transgressions will have been guided 
mostly by regional variations in epirogenetic 
subsidence. They would not necessarily have 
arrived from the north, if only the area of the 
german Zechstein in studied. Nor is it neces- 
sary, that the path of every of the three 
transgression periods of the Zechstein has 
been the same. For the Hauptanhydrit for in- 
stance, we find a marine equivalent in the Plat- 
tendolomit, situated in the southern part of 
the Zechstein area, and not in the northern. 
This coincides more or less with the area of 
greatest thickness of the underlying marine 
Grauer Salzton, which allso is thickest in the 
South. This may consequently indicate the 
existence of a southern sea arm at the time of 
the last transgression in the Zechstein, which 
persisted for some time, whilst further to the 
north continental evaporation was already for- 
ming the Hauptanhydrit deposit. (LOTZE, 1938, 


Fig. 2 — Schematic section of baselevelled variscian folded belt, with closed basins situated above sea 
level. Rainfall will wash out deeply the connate salt of the pre-variscian marine sediments. If evaporation 
is higher than rainfall, this widely diseminated — former oceanic — salt, will be concentrated into 


continental salt deposits in the closed basins. 


It is clear, that a difficulty in correlating the 
evaporite series of the Lower Rhine with 
those of the Zechstein central basin — to take 
one out of several problems of the "oceanic 
salt deposits’” which has been discussed ex- 
tensively — is to be expected. There is not a 
single area of bars-and-lagoons bordering upon 
the open ocean, and dominated alike by posi- 
tive and negative shifts of the sea level. In- 
stead, there is a number of more or less separate 
closed basins, each of which may have had its 
own characteristic history, due to local diffe- 
rences in epirogenetic subsidence. In the 
example of the Lower Rhine basin, it seems 
even pobable, that this should show a diffe- 
rent development from the central basin. It is 
likely that several of the major "younger” 
NW--SE trending faults in the Ruhr area, 
were already operative in the Permian, partly 


figs. 254,°255,» RICHTER, 1942, fig. 3). 


Oscillations of the climate, rhythmic over 
longer periods, may also be drawn in to ac- 
count for the microrhythm found in many 
banded salt layers. These were extensively 
studied by FIEGE (1939), who classed them as 
"cycles of the lowest order”. Often asymme- 
tric, they may for instance be formed by a 
layer of anhydrite, followed by a layer of 
rocksalt, both several centimeters thick, and 
capped by a thin film of clay. This clay film 
seems to indicate a temporary cessation of the 
evaporation,which afterwards continues again, 
but now results in the deposition of a less 
soluble salt — anhydrite —, before the rock- 
salt deposition is again reached. These "annual 
rings”, as they are often called, take at least 
70 years for their formation, according to 
FIEGE, and probably a much greater time. So 
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even these micro-rhythms have been produced 
by differences in climate which are the sum 
total of a great number of yearly and seasonal 
changes. 

When these changes become too great, re- 
solution of earlier deposits may of course 
occur. Without entering into details, it seems 
quite possible that the many influences ascribed 
by authors to descendent solutions are in fact 
due to the influcence of a period of milder cli- 
mate which followed upon, or alternated with, 
those of extreme dryness, which resulted in the 
formation of primary deposits of evaporites. 


To conclude, I think that the discussion of 
the example of the german Zechstein proves 
that continental formation of salt layers ac- 
cording to the Chott ech Chergui model is 
quite possible. There are no difficulties in 
explaining the stratigraphic column, nor in the 
supply of the great quantities of salt. The 
general geology leads to a picture quite com- 
parable to that of the Upper Carboniferous. 
Local problems, such as correlation difficulties 
and the micro-rhythms of banded salt layers, 
are easily dealt with, whilst of course in a 
general way the continental formation of salt 
layers seems a much more likely process than 
an oceanic genesis. 


Postscript — P. C. ScruUToN’s paper on "Deposi- 
tion of Evaporites” (Bull. Am. Ass. Petr. Geol., 37, 


p. 2498—2512, 1953) reached me only after com- 
pletion of my own manuscript. His data on hori- 
zontal salinity gradients in evaporation basins are 
very helpful in explaining actual deposition pheno- 
mena and lateral facies differences. But they do not 
offer an explanation of the development of thick 
evaporite series in oceanic or lagoonal environment. 
Processes as described by Scrurton will of course 
be operative in any evaporation basin, including the 
central salt lakes of the Chott-ech-Chergui-model. 
But it is only in the inland basins that evaporation 
may have been continuous long enough for the thick 
salt layers of the past to develop. 
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MINERALOGICAL ANALYSIS OF SOIL CLAYS 


C. M. A. DE BRUIJN' AND H. W. VAN DER MAREI2 
ABSTRACT 


Mineralogical analysis of soil clays has been 
perfectea in recent years by X-ray diffraction and 
differential thermal analysis. In the present article 
a discussion wil be given of the results obtained 
with a newiy designed d.t.a. apparatus of high 
sensitivity combined with X-ray diffraction analysis. 
Part I is dealing with the principles of d.t.a. and 


includes a description of the apparatus used which 
enables the simultaneous analysis of up to five 
samples. A number of examples on mineral analysis 
using both methods is presented in part II (to 
appear in a forthcoming issue of Geologie en Mijn- 
bouw). 


Part: I: INTRODUCTION AND DIFFERENTIAL THERMAL ANALYSIS 
C. M. A. DE BRUIJN 


INTRODUCTION 


Mineralogical analysis of clays and shales 
nowadays has become an indispensable part of 
numerous research activities concerning soil 
materials in the fields of agriculture, pedology, 
soil mechanics, geology, ceramics and several 
other industries. 

It is interesting to note, that this could be 
realised only in recent years by the develop- 
ment of several physical methods of analysis 
to nearby perfection in order to meet the dif- 
ficulties caused by the small dimensions and 
the intricate crystallographic structures of the 
characteristic clay minerals. Numerous details 
on the composition and the analysis of these 
minerals were condensed by KERR et al. in a 
number of prelimary reports issued by the 
American Petroleum Institute (1951) and in 
several text-books (MARSHALL, 1949; BRIND- 
LEY, 1951; JASMUND, 1951; GRIM, 1953). 

X-ray diffraction and differential thermal 
analysis (d.t.a.) being the most powerful tools 
in addition to classic chemical analysis, infrared 
‚spectroscopy also proved capable to produce 
basic information — see ADLER et al. (1950). 
The relative importance of the latter method 
has to be awaited, however. 

Having their particle sizes usually restricted 
to the colloidal range (say minus 2 micron) 
most clay mineral particles betrayed their 
actual shape and dimensions only in the field 
of view of the electron microscope showing a 
variety of (pseudo) hexagonal flakes, tubes, 
rods and fluffy aggregates. Electron microsco- 
py of clay minerals by von ARDENNE (1940) 
„started about immediately when the first elec- 
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tron microscopes came available. Fine collec- 
tions of electron micrographs obtained of some 
clay minerals from pure deposits having 
characteristic features, were presented recently 
by BATES et al. (1950) and by KERR and 
collaborators (1950). 


However, electron microscopy is of slight 
importance for the identification of the common 
clay minerals which occur in soils (and sedi- 
ments). T'he reason is that in this material, 
kaolinite is seldom found to oecur in well 
developed hexagonal flakes as happens in the 
pure deposits in certain regions of certain 
countries. Illite, the most common clay mineral 
in soils and sediments cannot be distinguished 
from kaolinite and quartz, by which it is mostly 
accompanied. They all occur as irregular grains 
in varius sizes in the clay separate of soils. 
Montmorillonite is so fine in shape that it 
misses any characteristic and thus may be 
mistaken for fine illite, kaolinite or quartz. At 
last goethite and limonite also common clay 
minerals in soils, both have a rod structure. 
Thus in this way, they may be mistaken in the 
finer grades for metahalloysite and nontronite, 
which have the same shape. In the very fine 
grades these rods are not so pronounced and 
so they may belong as well to illite, kaolinite 
as quartz. 

Initiated earlier by the investigations of 
HaApDDinG (1923) and RiNNE (1924) the cıy- 
stalline nature of clay particles became well- 
known and the crystallographic structure of 
practically all common clay minerals was 
elucidated by extending the application of 
X-ıay diffraction analysis systematically to the 
more complex and less symmetric_ silicate 
minerals (BRINDLEY, 1951; VAN DER MAREL, 
1950; GRIM, 1953). 


In the X-ray diffraction camera a narrow 
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beam of monochromatic X-rays is directed on 
a small amount of the clay powder to be in- 
vestigated (powder method). Any crystallised 
component of the clay then will produce a 
characteristic pattern of diffracted X-rays, 
which may be registrated photographically or 
by means of a travelling spectrometer with 
counter (Geiger) tube. 

The most powerful diagnostic criterion for 
the commonly occurring layer structure of the 
clay minerals is given by the position of the 
first-order basal reflection corresponding to the 
height of the crystallographic unit cell (e.g. 
7.1 A for the kaolinite minerals). In most cases, 
however, conclusions have to be based on the 
position of other reflections too. 

Well-known to clay mineralogists already 
for a long time are a number of characteristic 
thermal reactions shown by clay specimens 
when heated to about 1000° C. Many of them 
play an important role in the firing of brick in 
ceramic industry. LE CHäTELIER (1887) was 
the first person who measured the magnitude 
of thermal reactions of clays for identification 
purposes. Thermal analysis of clays became a 
current method, however, only after about 1935, 
when the importance of clay mineral research 
was widely recognised. Surveys of the historical 
development are given a.o. by KERR, KULP and 
HAMILTON (1949), by GRIM (1953) and by 
ARENS (1951) in his critical study on diffe- 
rential thermal analysis. 


It is essential that both X-ray and thermal 
analysis methods provide basic information 
from a quite different starting point on the 
actual crystallographic structure of the clay 
minerals, being of such importance for an un- 
derstanding of their colloidchemical behaviour. 


Thermal analysis when applied with a suf- 
ficiently sensitive apparatus has proved to be 
an extremely useful method not only to check 
the results of X-ray identification in most cases, 
but also in differentiating between represen- 
tatives of a definite structural scheme (lattice), 
differing only in chemical composition of the 
unit cell by isomorphous substitution. In addi- 
tion thermal analysis may provide important 
support in elucidating the composition of inter- 
stratified (mixed layer) structures. At last the 
presence of organic matter and of water which 
is lost at low temperatures (e.g. hygroscopic 
water and. crystal water) may easily be 
detected. 

Therefore, though both methods have their 
limitations the combined use of X-ray and 
thermal analysis has become a reliant procedure 


for a rapid identification and a quantitative or 
at least semi-quantitative estimation of the 
distinct clay mineral species in soil samples 
after separating their crystals by sedimentation 
or centrifugation of the coarser material. 

It is the object of this study to present a 
number of examples where X-ray and thermal 
analysis have to be operated hand in hand. 

The use of the X-ray diffraction method 
being discussed recently in BRINDLEY's Mono- 
graph (1951) and by one of us (VAN DER 
MAREL, 1950), the principle of d.t.a. and the 
apparatus employed in the present study will 
be described in some detail in proceeding sec- 
tions. The apparatus for d.t.a. is in use at the 
Research Department of the Delft Soil Mecha- 
nic Laboratory since 1950. 


DIFFERENTIAL THERMAL ANALYSIS 


In differential thermal analysis (d.t.a.) of 
clays and other materials showing characteris- 
tic thermal reactions a sample of the unknown 
material (e.g. 400 mg) and about the same 
amount of a thermally inert reference sub- 
stance (mostly ignited aluminiumoxide = 
«-Al,O,) are heated in an electric laboratory 
furnace with a constant velocity (usually 10° C 
per minute) to about 1000° C or even higher 
(1100° C). Both samples are kept under equal 
conditions by placing them each apart in holes 
in a metal or ceramic block. In the course of 
heating the themperature of the unknown 
material (or the temperature of the inert sub- 
stance) as well as the temperature difference 
between the two samples are measured by 
means of thermocouples and recorded electri- 
cally or photographically. 

Most clay minerals show characteristic ther- 
mal decomposition and transformation reactions 
accompanied by endothermal and exothermal 
heat effects. Both the themperatures or the 
temperature regions in which these reactions 
occur and the intensities of their heat effects, 
as indicated by the temperature difference be- 
tween the unknown sample and the inert sub- 
stance, offer possibilities for qualitative and 
quantitatieve analysis of clays and clay con- 
taining soils. The method is not restricted to 
clays and has been applied to a wide variety 
of other materials, manifesting thermal reac- 
tions on heating, such as hydrates, carbonates, 
phosphates, sulfates, sulfides, organics, etc. 

Though the first thermal analysis of clays 
were described by LE CHäTELIER (1887), the 
idea of differential thermal analysis was origi- 
nally due to ROBERTS-AUSTEN (1890) who 
combined the two thermocouples in the un- 


known sample and the inert substance to one 
differential thermocouple measuring directly the 
‚temperature difference between the two speci- 
mens. The name differential thermal analysis 
became current for this method but the name 
calorimetric thermal analysis would better ex- 
press the actual calorimetric principle next to 
the methods of gravimetric and dilatometric 
thermal analysis as in d.t.a. actually heats of 
reaction are being measured. 

Generally the results of d.t.a. are presented 
as a curve (the thermogram) showing the 
temperature difference as a function of the 
actual temperature of the inert substance, a 
negative temperature difference corresponding 
to an endothermal reaction in the unknown 


At 


° o o (-} = 
OD 0300 0 BOOT TOO ac 00T oc £ 


Fig. 1 — Thermogram of kaolinite. Kaolinite is 
characterised by its endothermal dehydration reac- 
tion between about 550 and 650° C and an abrupt 
exothermal effect at 980° C. The temperature dif- 
ference (Af) between 'the kaolinite and the inert 
substance (ignited aluminium oxide, a — AleO3) is 
. plotted versus the temperature of the latter. "The 
surface areas between the curve and the base line 
are a measure for the calorimetric effects. 


material (see figure 1). As will be discussed 
in the section on quantitative analysis the sur- 
face area between a peak in this curve and the 
base line is a means for determining the amount 
of calories involved in a thermal reaction of 
any constituent of the unknown sample and 
thus for the percentage in the latter. 

The electro-motoric force (e.m.f.) of the 
differential thermocouple and that for the 
measurement of the actual temperature may be 
measured and recorded photographically by 
means of two reflecting galvanometers or with 
the aid of writing or printing millivoltmeters 
‚(potentiometers). Usually two e.m.f. versus 
time records are obtained, which have to be 
combined to one e.m.f. versus time record. 
The millivoltmeter for the temperature may be 
built as a program controller in order to obtain 
a predescribed speed of heating of the electric 
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furnace. The apparatus used in the present 
study will be described in the next section. It 
enables the simultaneous analysis of up to five 
samples, all temperature differences versus the 
temperature of the inert substance being printed 
most conveniently on the same sheet of paper. 


DESCRIPTION OF D.T.A. APPARATUS 

For several reasons the use of a multiple 
apparatus offering the possibility of simulta- 
neous analysis of a number of samples has to 
be preferred over a single apparatus to prevent 
d.t.a. becoming a highly time consuming busi- 
ness for both research and current analysis 
purposes: 

(i) In many cases d.t.a. of only one clay 
sample has to include the analysis of several 
grain size fractions. Usually the minus 2 mi- 
cron fraction containing most of the charac- 
teristic clay minerals is subdivided into at least 
two fractions, e.g. 2—1/8 micron and minus 1/8 
micron using the Sharples supercentrifuge. 

(ii) It is often necessary to repeat the d.t.a. 
of clay fractions after decomposing several 
substances in order to facilitate the interpre- 
tation of complicated thermograms. Among 
these pretreatments the removal of organic 
matter, iron and maganese oxides giving rise 
to capricious exothermal reactions and the 
removal of calciumcarbonate having its endo- 
thermal dissociation reaction just overlapping 
the high temperature endothermal reactions of 
the montmorillonite type clay minerals are the 
most frequently necessary ones. 

(ii) As d.t.a. equals X-ray diffraction ana- 
lysis in being in fact a "fingerprint’' method in 
current practice, every investigation with a new 
apparatus has to start with a vast number of 
test runs to obtain the thermal characteristics 
of pure standard minerals and prepared mixtu- 
res of known composition. In addition it is 
worth while to point out that in spite of some 
international normalisation (recommendations 
have been issued by the d.t.a. subcomity of the 
"Comite International pour l’Etude des argiles”, 
C.1L.P.E.A. — see MACKENZIE, 1950, 1952), the 
thermograms of pure minerals obtained in 
apparatus of different design are differing more 
or less due to several factors bound to the 
instrumentation. Though this seems to be a 
serious disadvantage of the d.t.a. method, 
thwarting the comparison of results from 
different laboratories when using different 
equipment, on the other hand quite important 
conclusions can be drawn from the variety of 
data obtained e.g. when employing different 
sample holders or different furnace atmosphe- 
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res in successive test runs with duplicate 
samples. 

It will be clear from the above that the costs 
of a convenient and capable appartus for d.t.a. 
are mainly determined by the choice of the 
recording system. A compact recording appa- 
ratus for multiple d.t.a. is easy to realise by the 
use of a multipoint printing millivoltmeter. For 
sufficient accuracy the latter should be an 
automatic potentiometer (compensator) as it 
eliminates Peltier's effect. Using a printing 
system, the developing of the record obtained 
by the photographic method is dropped, a fur- 
ther important advantage being that immediate 
and permanent control is possible already at 
the beginning of a test run. 

The apparatus used in the present study is 
shown in plate 1, the complete wiring diagram 
will be found in figure 2. Recording of the 
temperature of the inert substance (containing 
thermocouple I) and up to five temperature 
differences between samples (containing ther- 
mocouples S}, Sg, Sz, Sy, S;) and the inert 
substances is accomplished by a Honeywell- 
Brown high speed 6-point potentiometer having 
an 11” scale range of exactly 10 millivolts. The 
recorder is situated in the centre of the instru- 
ment cabinet (figure 2). The thermocouples 
being of the platinum-platinum / 10% rhodium 
type which appeared more durable than those 
of the alumel-chromel type previously used. 
The range of the 10 millivolts scale of the re- 
corder allows for a temperature span from 
room temperature to about 1050° C. Calibra- 
tion of the temperature scale was obtained 
from reference tables of ROESER (1933) issued 
by the U.S. National Bureau of Standards. 
Generally only one of the 6 recording channels 
is employed for the recording of the actual 
temperature of the inert substance. After each 
test run the temperature versus time recording 
has to be converted into a temperature scale 
on the time axis. 


In order to get a sufficiently sensitive re- 
cording of the temperature differences which 
may be of the order of only a few centigrades, 
it is imperative to magnify the electro-motoric 
forces given off by the differential thermo- 
couple combinations about a hundred times. 
As no reliable d.c. amplifier was on the market 
when starting the set up of the present instru- 
mentation a.back coupled electronic amplifier 
was developed using an input element based 
on anew magnetic principle (Boersma system). 
The instrument was made adjustable to magni- 
Heatianssot 3332/53 X —u100, X 331/32 X 


corresponding to input voltages of 0.300 
— 0.100 — 0.030 millivolts respectively to get 
a full scale deflection of 10 millivolts on the 
Honeywell-Brown recorder. The internal resis- 
tance at the input of the pre-amplifier amounts 
to 40 — 40 — 120 ohms respectively, the inter- 
nal resistance at the output being fixed at 
10 ohms. An adjustable potentiometer is in- 
serted in the output circuit in order to put any 
constant d.c. tension between O0 and 10 milli- 
volts in series with the voltages to be measured. 
This device enables situating the zero value of 
the temperature differences at any desired 
position on the scale of the recorder. The pre- 
amplifier appears in the upper right hand cor- 
ner of the instrument cabinet (see plate 1). 
Connection of the amplifier between the dif- 
ferential thermocouples and the Honeywell- 
Brown recorder when printing readings for 
channels 2—-6, is accomplished periodically by 
the automatic built in 6-point double pole 
selector switch of the recorder. Wiring will be 
clear when consulting figure 2. As the "high 
speed” type recorder acts by the "synchro- 
belance printing” principle, successive records 
of each channel are obtained after time inter- 
vals ranging between about 10 and 20 seconds 
dependent on the respective positions of the 
6 curves on the scale. It was found experi- 
mentally that this reading velocity could be 
regarded as a minimum one for getting suffi- 
ciently detailed themogroms with a 6-point 
recording instrument. The preamplifier should 
have a sufficiently short time of response com- 
bined with little background "noise". 


In the course of the investigation the in- 
strumentation was extended by: 


(i) A number of selector switches (W,— 
Ws) for connecting each channel of the re- 
corder to each differential thermocouple. The 
possibility of a speedy change in the con- 
nections proved to be of great convenience e.g. 
in case one or more thermocouples became 
damaged after a number of runs and could 
not be replaced at once. 


(ii) A number of adjustable potentiometers 
(P,—P;) for adding constant d.c. tensions 
between 0 and 10 millivolts to each voltage to 
be measured in behalf of a convenient spread- 
ing of the six records. 

(ii) A furnace switch (F) facilitating the 
connection of the thermocouplewires from two 
furnaces if employed alternatively. All switches 
and potentiometers are accommodated in the 
instrument cabinet lower right hand corner 
(plate 1). 
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(100 X) pre-amplifier being inserted automatically by the selector switch of the recorder when registrating the temperature differences. 


The electric furnace is a tube oven of the 
vertical type (see figure 3). This type was 
chosen: 

(i) As it facilitated the use of a cylindrical 
sample block with vertical axis offering 
accomodation to six equally located sample 
holes. In this disposition the attainment of a 
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the principle given in the wiring diagram (fi- 
gure 2) is in progress, 

Two ovens were built in coöperation with 
the Delft Research Institute for Fuel Economy 
T.N.O. They consist of two parts: 

(i) the actual oven, including heating ele- 
ment and insulation; 
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Fig. 3 — Electric furnace for d.t.a.; C 


square eternite slabs; B = specimen holder (see fig. 


homogeneous temperature distribution in the 
sample holder is easier than in a horizontal 
oven (KERR and KULPp, 1949). 

(i) As it offered the possibility to gravi- 
metric thermal analysis in the same furnace. 
The installation of an equipment according to 
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eternite cylinder containing heat insulating material; P.Q = 


SR 


(ii) the sample holder, containing thermo- 
couple connecting leads. 

The heating element is made of a quaıtz 
tube (inside diameter 44 millimeters, length 310 
millimeters) surrounded by a resistance winding 
with a resistance of about 40 ohms, the vol- 
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tage supply being 100-200 volts (255.0 
amperes; 250-1000 watts). The insulation is 
formed by the eternite cylinder C (figure 3) 
which is closed by the square eternite slab P 
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Fig. 4 — Sample block for multiple d.t.a.; dimen- 
sions in mm. 


and filled with ignited magnesia. The whole 
tests upon the similar eternite slab Q bearing 
sample holder H. The latter becomes accessible 
by tilting the heating element. The sample block 


B is supported by the quartz tube H which 
offers also accommodation to the thermocouple 
wires. 

Details of the sample block are presented in 
figure 4. It consits of three cylindrical parts, 
bottom, body and cover lid all made of the 
same material (nickel). The bottom part bears 
the thermocouple wires by means of luted 
ceramic tubes provided with double borings. 
By this construction a fixed position of the 
thermocouple joints is maintened. The dimen- 
sions of the 6 sample borings in the body part 
are too given in figure 4. Sample weights may 
vary between 300 and 600 milligrams according 
to specific weight and tightness of packing. 
To facilitate the comparison of test results in 
case of different sample weights, only multiples 
of 100 milligrams sample weight are employed 
(generally 400 milligrams). If only very small 
amounts of material are available a body part 
provided with 6 millimeter borings is used for 
sample weights between 200 and 400 milli- 
grams. The cover lid contains 2 millimeter 
borings offering an exhaust way to escaping 
gases. Dividing the sample block into three 
parts proved to be very convenient as it facili- 
tates the removal of burnt samples which may 
have been sintered or even molten. Accurate 
centering of the sample block in the furnace 
axis appeared to be essential in order to get 
straight base lines for the temperature dif- 
ferences without appreciable drift. As material 
for the sample holders only pure nickel was 
employed. According to KERR and KuLp (1949) 
a specimen holder made of (18—8) stainless 
steel would be more durable. No serious attack 
of our nickel blocks appeared, however, after 
some hundred of test runs, if cleaned tho- 
roughly after each run. ARENS (1950, 1951) did 
competitive tests with nickel and ceramic 
blocks, the latter material having about 60 times 
less heat conductivity. It was found that 
ceramic blocks give rise to curves with relative 
sharp endothermic and faint exothermic reac- 
tions, whereas the opposite holds for nickel 
blocks. It follows that the use of ceramic 
blocks may be preferred when detecting faint 
endothermic reactions and metal blocks when 
studying especially the exothermic ones. 

The rate of heating of the electric furnace 
may have a considerable influence on the test 
results and should be normalised at least for a 
given equipment. This factor was studied in 
detail a.o. by NORTON (1939) by SPEIL et al. 
(1945) and by ARENS (1951). In the present 
study a constant rate was used corresponding 
to a temperature increase of 10° C per minute 


as recommended by most investigators. Most 
thermal reactions among which the important 
dehydration reactions of the clay minerals 
show a more pronounced delay (peakshifting), 
causing more overlapping of reactions in case 
of mixtures, at a higher speed of heating. At 
very low speeds of heating the thermogram is 
flattened. 


A practically constant rate of heating of ex- 
actly 10° C per minute could be realised easily 
by periodic manual control of an adjustable 
autotransformer ("Variac”) connected between 
the heating element of the electric furnace and 
the main voltage supply line (220 volts a.c.). 
As the required motion of the autotransformer 
appeared to be nearly linear after operating at 
a constant voltage during a constant period at 
the beginning of the test run, it is intended to 
install a simple motor driven system, 


TYPES OF REACTION INVOLVED 
IN D.T.A. 

Most important in d.t.a. are the irreversible 
dehydration reactions of the clay minerals being 
accompanied by a considerable loss of weight 
in a rather broad range of temperatures. Best 
known is the decomposition reaction of kaoli- 
nite between about 550 and 650° C, about 
13,4 % of its weight being lost as water vapour, 
originally bound as hydroxylgroups. The de- 
hydration has to be considered as a gradual 
process, intermediate stages being passed in 
which mixed crystals must be present of kao- 
linite and its dehydration product, metakaoli- 
nite (PIETERS, 1928). 


The range of temperatures in which this type 
of recaction occurs under normalised con- 
ditions is characteristic for the thermal stability 
‘of the chemical bonds in a given structural 
arrangement and thus characteristic for the 
_ different minerals present. Examples will be 
presented in the following sections dealing with 
several mineral combinations. 


It is essential that in this type of reaction 
the temperature range in which the reaction 
occurs was found to be strongly related to the 
partial pressure of the evolved gas in the sur- 
rounding atmosphere and may be narrowed and 
shifted to lower temperatures if the pressure 
of the volatile component is lowered e.g. by 
means of a vacuum pump. The influence of the 
partial pressure of the gaseous component in 
monovariant heterogeneous equilibria like the 
kind concerned, may be evaluated by means of 
Van 't Hoff’s equation: 
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dinp H 


dT RT® 

partial pressure of volatile com- 
ponent 
temperature of reaction (°K) 

= heat of reaction 

= gascontant. 
Integration of this expression after substitu- 
ting Nernst's approximation formula for the 
heat of reaction H as a power function of tem- 
perature T leads to: 


wherep = 


= 
I 


H 


o 


(2) Inp= — Era Ale DB 


RT: 

A and B being nearly constants for a given 
reaction. From static measurements of the 
vapour pressure of the volatile component e.g. 
that of water vapour in the case of kaolinite 
(PIETERS, 1928) it appears that nearby straight 
lines are obtained if log p is plotted against 
/T. This result stresses the usefullness of the 
equations employed although the dehydration 
reactions of the clay minerals may not be 
monovariant in the strict sense. Similar findings 
are known in: case of other hydrons or hy- 
drated substances and carbonates. ARENS 
(1951) used the formula (2) for a derivation 


of an "asymptotic reaction temperature T”, 
i.e. "the absolute temperature at which the reac- 
tion starts and finishes in a time approaching 
infinite, under a heating rate approaching 
zero and under a vapour pressure of the 
volatile component approachting zero’. Though 


in actual fact T should be 0°K in all cases 
when taking these conditions, as was pointed 
out by MACKENZIE and FARMER - (1952), 
"practical’’ asymptotic reaction temperatures 
might be useful if extrapolation is executed 
eg. top=1mm Hg (Inp=0) as was actual- 
ly done by ARENS. It should be pointed out 


that T refers to the actual temperature of the 
mineral sample and not to the temperature of 
the inert substance being recorded in the pre- 
sent apparatus. Though a lowering of the 
gaspressure in the d.t.a. furnace seems to be 
of considerable value in attempts to get better 
defined reaction peaks corresponding to dis- 
tinct structural atom arrangements, this feature 
could not be realised yet as it appeared in- 
volved in serious constructional difficulties. 
Temperature ranges as found in the present 
apparatus under atmospheric pressure for the 
dehydration reactions of the common clay 
minerals, and other minerals are presented in 
table 1 (to appear at the end of Part II). 


78 


Comparable with the dehydration reactions 
discussed are the endothermal drying reactions 
of most minerals in the initial stage of thermal 
analysis. As the amounts of adsorbed water 
(hygroscopic water) are strongly related to 
the water vapour pressure (humidity) existing 
in the surrounding atmosphere during storage, 
most workers prefer conditioning samples be- 
fore d.t.a. The subcomity on d.t.a. of the 
C.1P.E.A. recommends previous storage of 
samples in an atmosphere of 56 per cent rela- 
tive humidity (in vacuumdessiccator containing 
saturated solution of calcium nitrate). 


In the present study drying of samples during 
one hour at 105° C and subsequent cooling in 
a dessiccator in about half an hour was used 
as a current pretreatment. 

In a number of cases, however, samples were 

"saturated’’ with water by storing them one 
week over about 10% sulfuric acid. As is well 
known to soil chemists, storage over pure 
water may easily lead to continuous conden- 
sation of water on the samples. This difficulty 
is mainly overcome by using 10 % sulfuric acid 
instead of water. 
Thermal analysis of soil samples containing 
hygroscopic water affords an easy means for 
an estimation of the water sorption capacity 
(sorption potential), though static measure- 
ments of the amounts of wateruptake in at- 
mospheres with definite water vapour pressures 
can be done with much more precision. 


Another kind of thermal reactions encoun- 
tered in d.t.a. in which a gaseous component 
is concerned presents the exothermal oxy- 
dation of organic material and certain metal 
compounds. Here the rate of reaction is con- 
trolled by the pressure of the oxygen. Oxy- 
dation reactions appear incomplete and delayed 
if the partial pressure of the oxygen in the 
furnace atmosphere is reduced and will be fully 
eliminated when heating in vacuum or a nitro- 
gen atmosphere. 


Though d.t.a. of samples containing organic 
matter may indicate the presence of the latter 
in a first test run, it is preferred in general to 
destroy organic materials previously to d.t.a. 
by a hydrogen peroxide treatment. If not the 
thermogram usually shows a broad exothermal 
effect overlapping and masking characteristic 
reactions of most minerals. 

Oxydation reactions of inorganic compounds 
are mainly restricted to those of the iron and 
manganese oxides. Little is known yet about 
their actual reaction temperatures. In the case 


of siderite (FeCO,) and rhodochrosite 


(MnCO,) the endothermal decomposition of 
the carbonate generally precedes the exother- 
mal oxydation of the resulting ferrous (man- 
ganous) oxide. When using a covered sample 
container the second reaction appears highly 
reduced. After removing the cover lid, how- 
ever, the oxidation peak is well developed and 
is shifted to lower temperatures. T'he first reac- 
tion on the contrary appears less pronounced 
then and may be overlapped by the oxidation 
reaction see KERR and KULP (1947), CUTHBERT 
and ROWLAND (1917), FREDERICKSON (1948), 
ROWLAND and JONAS (1949), KULP, WRIGHT 
and HOLMES (1949). 


Thermal reactions in which no volatile sub- 
stances are concerned play a less prominent 
part in d.t.a. Recrystallisation reactions of the 
decomposition products of the clay minerals 
occur as a rule only gradually in a broad range 
of temperatures above about 700° C. Only a 
few exceptions where recrystallisations occur 
abruptly giving rise to better defined heat ef- 
fects have to be mentioned here. Some of them 
will be discussed in some more detail in part II 
of this contribution. 

Pure and well-crystallised kaolinite shows 
on heating an intense extremely sharp exother- 
mal reaction peak at a fixed temperature of 
980° C, generally being attributed to the cry- 
stallisation of y-alumina. 


A sharp exothermal recrystallisation reac- 
tion often following immediately after an 
endothermal dehydration is also shown by 
many clorites at about 850° C, olivine, 
(Mg, Fe),SiO, being formed in most cases 
(GRIM, 1953). 

The sharp reversible « «— ß quartz inver- 
sion at 573° C belongs to this group. Its im- 
portance in mixtures with other minerals is only 
limited, however, as the endothermal heat effect 
is very small (3—4 cal per gram). The inver- 
sion is an enantiotropic one. Its fixed tem- 
perature can be used as a calibration point in 
the temperature scale (FAUST, 1948). 


Also some monotropic inversions are known 
in d.t.a., e.g. aragonite (CaCO,) when heated 
transforms irreversibly into calcite (CaCO,) 
at a temperature somewhere between 400 and 
500° C prior to the calcination reaction. The 
small endothermal effect amounts to about 
5 cal/gm. 

In a number of cases endothermal effects 
may be recorded accompanying the melting of 
definite components. In general melting points 
are not sharp due to depression by admixtures. 


Pure substances showing definite inversion 


and melting points which may be used for a 


calibration of the temperature scale are given 
by BARSHAD (1952). 


QUALITATIVE DIFFERENTIAL THERMAL 
ANALYSIS 


Qualitative thermal analysis of soil samples 
or their grain size fractions may be based on a 
compa.ison of the thermogram with that of 
pure standard minerals. In most cases especial- 
ly if intricate or very faint thermograms are 
obtained conclusions can only be derived in 
combination with data on X-ray diffraction 
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ference versus temperature curve) is found to 
be narly proportional to the percentage of 
kaolinite. In general most workers on dia. 
agree that the area under” a reaction peak is 
practically proportional to the concentration of 
the active component or at least the best mea- 
sure for it. Thus d.t.a. may yield quantitative 
results. Accuracy of the method depends on 
a number of factors, the kind of mineral con- 
cerned, the amount and particle size of it 
packed in the sample holder, the rate of heating 
in the oven, the presence of impurities, the 
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analysis. Additional information on chemical 
composition and cation-exchange capacity may 
be helpful too. 

When working with a given d.t.a. equipment 
thermograms in general do not necessarily need 
any correction. This way was followed in the 
present study. It lead to the conclusion that 
definite thermal reactions usually can be des- 
cribed to definite structural elements. 

In order to reduce overlapping of neigh- 
bouring dehydration (and calcination) reactions 
operation under reduced pressure may prove 
to be advantageous in further research. 


QUANTITATIVE DIFFERENTIAL 
THERMAL ANALYSIS 
When analysing mixtures of kaolinite and a 
thermally inert material (e.g. corundum) under 
normalised conditions the surface area between 
the base line and the dehydration peak of the 
kaolinite in the thermogram (temperature dif- 


degree of crystaillinity, the condition of the 
thermocouples and the reproducability of the 
packing density being the most important ones. 
Examples of the influence of some of these 
factors will be given in part II of this contribu- 
tion. GRIMSHAW and ROBERTS (1953) claim to 
arrive at an accuracy of even about 1% for 
kaolinite when analysing diluted samples con- 
taining only 25 per cent of the material under 
test, the remaining 75 per cent being a suitable 
inert substance (fine-grained calcined alumina). 

Several investigators — see SPEIL et al. 
(1945), KERR et al. (1949), VoLD (1949), 
ARENS (1951), KRONIG and SNOODIJK (1953) 
tried to arrive at a theoretical base for quan- 
titative d.t.a. on more or less rigorous con- 
siderations. It was found in general that the 
heat of reaction involved in any thermal effect 
is closely related to the surface of the peak 
area in the temperature difference versus time 
diagram: 


c the mass of the reactive consti- 
2 AT dt k are known 
(3) ee / a tuent M may be evaluated. It should be borne 
it M = mass of reactive substance in mind, however, that equation (3) is only 
H = heat of reaction per unit mass roughly approximative as it neglects several 
g = constant of geometric Era factors and variations e.g. it does not account 
k = heat conductivity of sample for the fact that the peak area appears not 
AT = temperature difference between independent of the rate of heating (ARENS, 
sample and inert substance 1951) 
= initi inal time limits o j 
u ah ar In fact it is more practical to calibrate the 
According to KRONIG and SNooDIJK (1953) surface of peak areas in terms of calories by 
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morillonite diluted with inert «a — Al2Os3, the total in the sample holder being 400 mg, in relation to their 


amounts. 


a rigouress treatment yields: 

(i) for a cylindrical specimen holder 
(length 1) being sufficiently long to make end 
effects negligableg = 4 m | 

(i) for the spherical 
g=drı. 


case (radius r) 


When employing a constant rate of heating 
the peak area in the temperature difference 
versus time diagram is proportional to the 
temperature difference versus temperature dia- 
gram (if corrected for the temperature diffe- 
rence in cases where the temperature is mea- 
sured in the inert substance). Hence, if H and 


the use of substances with well-known heats 
of reaction — see BARSHAD (1952). Applica- 
tion of this method is presented in figure 5. 

In figure 5-A peak areas of varying amounts 
of BaCl, .2H,0, CaSO,.2H;,0, CuSO,. 
5H;0, Na,S,03, .5H,O and CaCO, diluted 
with inert «-Al,O,, the total being = 400 mg, 
are plotted against amounts used. 


As may be concludued nearly straight lines 
are obtained at the lower amounts of the sub- 
stances used. Deviations occur at the higher 
amounts where the substances are less diluted 
with inert «-Al,O, and therefore differences 


SOr-Heat of decomposition 
in calories 


Ka 


40 


30 


20 


IO 20 


81 


® 
@ 
© BaClı, 24,0 CII9 cal /gm.. 
© Caso, 2,0 CI6O ) 
O5 CUSOs 5H,0 (220 ) 
® N03530577 543020269, 
® CaCO; (468 ) 


Peak area in cm? 


40 50 


30 


Fig. 5, C — Calibration of d.t.a. apparatus. Heats of decomposition of some pure substances diluted with 
inert « — AleOs3, the total in the sample holder being 400 mg, in relation to peak areas. 
* peak area and heat of decomposition for loss of H2O from CuSO4.5H2O to CuSO4.H>O. 


in thermal properties (diffusivity) between the 
inert material and the less diluted samples 
become more or less accentuated. 

In figure 5-B peak areas of the first high 
endothermal reaction of varying amounts of 
kaolinite and montmorillonite, diluted with inert 
a-Al,O,, the total being 400 mg, are plotted 
against amounts used. It may be concluded that 
montmorillonite gives less deviations as kao- 
linite for the amount of substance used in 
regard to the magnitude of its endothermal 
reaction. This holds especially for the higher 
amounts of the minerals. Apparently the dif- 
ference in thermal properties between kaolinite 
and a-Al,O, is larger as that between mont- 
morillonite and «-Al,O,. 

In figure 5-C calories of varying amounts 


of  BaCl, .2H,0,  CaSO, .2H,0O, CuSO, . 
5H,0, Na,S,0, .5H,O and CaCO, diluted 
with inert «-Al,O,, (the total being = 400 mg) 
as derived from BARSHAD’s data for heats of 
decompositon, are plotted against planimetred 
peak areas of the mixtures concerned. 

It may be concluded that in this case a cor- 
relation exists with only small deviations. "Thus 
peak areas of minerals may be expressed in 
calories per gm when the d.t.a. apparatus is 
calibrated in the above way with substances 
having a decomposition temperature ranging 
from about 120 to 780° C. 

In table 1 (to appear at the end of Part II) 
heats of decomposition are presented in calo- 
ries per gm of common clay minerals and 
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other minerals, calculated from the peak areas 
of their endo- and exothermal reactions, 
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TERTIAIRE ERTSGANGTEKTONIEK IN ZUID-BANTAM (JAVA) 


W. DE HAAN 


SUMMARY 


This second article on the origin of jointsystems 
in Indonesia deals with the metalliferous area in 
South Bantam (Java). A pressure in an approxi- 
mately West of South to East of North direction 
has been responsible for the prevailling jointsystem 
between ENE—-WSW and SE-NW (115 
degrees). This means a deflection of somewhat 
more than 10 degrees on both sides of the theore- 
tical 90 degrees quadrant. This seems reasonably 
favorable. The deflection may be caused by dif- 
ferential resistances in frontal and lateral direc- 
tions. A prominent exception is shown by one 
important gold-silver vein (Tjikotok) which strikes 
WNW--ESE. This can be explained by the 
formation of the vein along the contact of a dis- 
cordant intrusion of andesite in premineral folded 
sediments. The vast majority of the veins strike 
about N—S which is in accordance with the 
theory. 


In een vorig artikel werd getracht een ver- 
klaring te geven van de richtingen der jong- 
tertiaire edelmetaalafzettingen in Midden- 
Sumatra en Benkoelen. Thans wordt een poging 
gedaan het zelfde probleem te benaderen in 
Zuid-Bantam (Java). De waarnemingen en 
gegevens zijn ontleend aan de Verslagen en 
Mededeelingen van de Dienst van de Mijn- 
bouw in Ned. Indie, No. 20 (1931). 

Bij de beoordeling welke erts- en kwarts- 
gangen voor dit onderzoek in aanmerking 
komen is er van uitgegaan, dat dit duidelijke, 
zelfstandige breuken moeten zijn, dus b.v. niet 
zulke in geplooide sedimenten, die richtingsaf- 
wijkingen kunnen hebben teweeggebracht. Tot 
op zekere hoogdte ook geen gangen, die op het 
contact van sedimenten en eruptiva liggen en 
dus een lijn van minste weerstand konden vol- 
gen. Verkiezelde zones in andesieten, tuffen en 
sedimenten zijn ook uitgeschakeld, evenals im- 
pregnatiezones, als ziinde te onbepaald, niet- 
tegenstaande zij kwartsstringers kunnen bevat- 
ten. Zo zijn niet in aanmerking genomen: 
Tjisono en Tjibanteng (impregnaties), Tjiawi- 
tali (snoeren), Tjigaroe en Tjibogo (verkiezel- 
de stroken), en dergelijike. Men moet ook in 
aanmerking nemen, dat vele van zulke rich- 
tingen slechts globaal konden worden opgeno- 
men, in ieder geval niet met het vooropgestelde 
doel, dat aan dit artikel ten grondslag ligt. 

Wij kennen Zuid-Bantam niet uit eigen 
aanschouwing en hebben dus vele gegevens op 


eigen gevoel moeten beoordelen. Hierbij kun- 
nen fouten zijn begaan, maar wij geloven niet, 
dat deze van veel invloed kunnen zijn geweest 
op de conclusies. 

Nu is er een belangrijk voorkomen, dat ook 
moest worden uitgeschakeld, nl. Tjikotok- 
Tjikaret. Wanneer men de overzichtskaart en 
de detailtekeningen beziet dan ligt deze afzet- 
ting op het contact van andesiet en eocene 
sedimenten. Hetzelfde geldt voor Tjipoeter. 
Binnen weinige meters wisselen hier kleistenen, 
kwartszandsteen en gemengde breccies met ge- 
propylitiseerde andesieten. Men heeft hier 
blijikbaar een discordante andesietdoorbraak in 
de strekkingsrichting der sedimenten, over het 
algemeen WNW in dit gebied, welke richting 
dus voor de „contact"'gang was voorbestemd. 
Dit is geen zelfstandige richting, door ons als 
voorwaarde gesteld, maar een toevallige, door 
de omstandigheden begunstigde. De doorbraak 
is zeer wel te verklaren uit een sterke omhoog 
stuwende kracht van het magma, waardoor de 


andesiet onafhankelijik van het effect van 
horizontale drukkrachten haar eigen weg 
baande. 


Wij kunnen thans overgaan tot de opsom- 
ming der voorkomens, die waarschijnliik aan 
onze eisen voldoen. Hierbij moesten wij dik- 
wijls volstaan met de „algemene richting”, die 
wordt opgegeven. Vermoed mag worden, dat 
gangen uit de ene groep feiteliik wel eens 
thuisbehoren in die der meest nabijgelegene. 
N—S richting: 

Tjitjaroetjoep gangsysteem (Tjiparigi), volgens 
de kaart west van noord 

Tjidikit, op de kaart kleine afwijking naar 
oost 

Tjierang, N 10°:E 

Tjiketjapi 

Tjiloebang 

Palasari, N—S en west van noord 

Tjimoentjang (Tjihara) = N—S 

Tjimadoer, persistente gemiddelde N—S rich- 
ting midden in grote sedimentschol 

Tjikoneng (Pr, Pitjoeng) 

NNW--SSE richting: 

Tjisalak 

Pasir Malang N 15°—30° W 
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Fig. 1 — Gangroos 


Tjimoesang— Tjiatoeng 

NW--SE richting: 

Tjitjaroetjoep gangsysteem (Tjibatoelawang) 

Tjitjangkorak 

WSW--ENE richting: 

Tjipitjoeng, Westrif N 65°— 70° E 
Oostrif N 55°—60° E 

Tjitjaroetjoep gangsysteem, T'jiela 

NNE—SSW richting: 

Tjihara (Tjipinang en Tjiaol) 

Tjikahoeroean (Tjihara) = N 10° E 

Tjirotan 

Tjipamantlajan 


Men vindt deze richtingen op bijgaande gang- 
roos (fig. 1). 

Alle ertsafzettingen, die voor deze analyse 
in aanmerking kwamen, liggen binnen een hoek 
van rond 115°, met een sterke verdichting in 
het N—NNE areaal (Bantam-richting). 

Het is merkwaardig, dat het Tjitjaroetjoep- 
stelsel plaatselijk in miniatuur een afspiegeling 
is van de verhoudingen in het gehele ertsge- 
bied. Men vindt hier opeengedrongen alle rich- 
tingen vertegenwoordigd. Het is alsof de Na- 
tuur hier de sleutel voor het geheel heeft 
gedeponeerd. 

VAN BEMMELEN (1949) plaatst de ertsvor- 
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ming in de Sareweh-fase (Oud-Mioceen) en 
spreekt van „folding and northward thrusting 
op het einde van het Palaeogeen. In Verslagen 
en Mededelingen (1931) wordt gesproken van 
een plooiing van het Oligoceen en Oud-Mio- 
ceen E-W tot ESE-WNW. De ertsgangen 
liggen overheersend (vrijwel altijd) in de oude 
andesietformatie (Boven-Eoceen tot Onder- 
Mioceen) en op de contacten van deze met 
palaeogene en oud-miocene inschakelingen en 
schollen. 

De belangrijke tectonische lijnen (verschui- 
vingen) in het gebied (Platen I en II, V.& M,, 
1931) lopen enige graden oost van noord of 
west van noord, NW en NE. Zij spelen prac- 
tisch alle om de N—S lijn. Dit is misschien 
gedeeltelijk een gevolg van latere „blockfaul- 
ting”’ (VAN BEMMELEN, 1949, pag. 630), maar 
zeker niet in de gebieden, waar ertsvorming op 
de contacten plaats vond (Tjimadoer— Tjibogo 
en Tjikotok). Deze grenzen zijn een gevolg 
van het omhoogdringen der eruptiva in de be- 
staande strekkingsrichting of van discordante 
intrusies in het rekkwadrant, beide tezelfder 
tijd plaats vindend. 


Neemt men verder in aanmerking, dat de 
groottectoniek van Sumatra en Java steeds een 
met de lengterichting der eilanden parallelle 
structuur vertoont, m.a.w. dat loodrecht op 
deze longitudinale richting steeds druk moet 
hebben geheerst, door welke oorzaak dan ook, 
dan kan men geredelijk aannemen, dat de 
heersende druk in Bantam steeds uit zuidelijke 
richting kwam, hoogstens plaatselijk gemodi- 
fieerd zoals misschien in Straat Soenda. 


Nu spreekt VAn BEMMELEN (1949) van een 
Bajah dome, een soort op en neergaande koe- 
pel. Wanneer deze breuken veroorzaakte in 
het starre dek, dan kunnen deze in alle moge- 
lijke richtingen te voorschijn zijn geroepen. 
Ten eerste is het echter de vraag of deze koe- 
pel een zuiver cirkelvormige doorsnede heeft 
gehad. Zodra dit niet het geval is, zal de lange 
as van een b.v. ellipsvormige doorsnede ge- 
tuigen van een kleinere weerstand in die 
richting dan loodrecht daarop. De tekening 
vertoont inderdaad een oorspronkelijke lange 
as in WNW richting (als deze opvatting van 
de schets juist is), maar in het Plioceen en 
Kwartair verschijnt de koepel met een onge- 
veer N—S gerichte as, welke richting gestaafd 
wordt met pliocene intrusies en kwartaire vul- 
kanen op de peripherie. Deze liggingen kunnen 
evenwel ook worden verklaard door intrusies 
en erupties op N—S, N—E en N—W liggen- 
de breuklijnen, alle ontstaan uit een west van 


zuid werkende druk, en liggende in het rek- 
kwadrant, m.a.w. de oscillerende batholiet had 
dan töch een WNW--ESE verlopende lange 
as. Overigens is deze verandering van asrich- 
ting niet van invloed op het onderhavige 
onderwerp, als ziinde post-mineralisatie. 


Wij komen tenslotte tot de verklaring. 


Wanneer een druk uit het zuiden (V. &M. 
1931) verantwoordelijk is voor de heersende 
gangrichtingen (volgens de oorspronkelijke 
koepelomtrek van VAN BEMMELEN, 1949, moet 
de richting van grootste weerstand iets oost van 
noord hebben gelegen), dan mag men gang- 
richtingen verwachten in het kwadrant, dat 
door deze drukrichting wordt gehalveerd. Om- 
gekeerd volgt nu uit de gangroos, dat zulk een 
druk een richting kan hebben gehad van = 
N 1117° E. Dit komt overeen met een rich- 
ting loodrecht op de Barisan-opwelving ter 
hoogte van Zuid-Bantam. Wij zijn van mening, 
dat hier weer een frappante coincidentie ligt. 
In de nabijgelegen Djampangs is de richting der 
ertsgangen gemiddeld N 17° W, dus niet veel 
verschillend van die in Z.-Bantam. 


Men zal opmerken, dat het bereik der erts- 
gangen aan beide zijden ruim 10° buiten het 
rekkwadrant valt (zeer dun bezette uitzonde- 
ringsrichtingen). Men dient hierbij te beden- 
ken, dat niet in de laatste plaats de differen- 
tielle weerstanden in het voorland van invloed 
ziin op de uitwijkingsmogelijkheid en de bewe- 
ging langs shearvlakken, zodat deze laatste wel 
eens zeer diagonaal zouden kunnen verlopen 
(men vergelijke b.v. de Lebongrichting in het 
vorige artikel). Een groot verschil tussen 
frontale en laterale reacties kan het ontstaan 
van sterk diagonale breuken begunstigen. 


Ook de zwaartekracht, in het bovenstaande 
niet ter sprake gebracht, veroorzaakt compli- 
caties, maar deze zijn te onoverzichtelijk in hun 
plaatselijk effect, dan dat er hier rekening mee 
kon worden gehouden. Aangezien naar bene- 
den toe geen of slechts beperkte uitwijkings- 
mogelijkheid bestaat, zal zij zich voornamelijk 
in zijwaartse richting moeten uiten (vervlak- 
king van het relief). 
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USE OF THE BEREK COMPENSATOR MADE EASIER 


ALCHTOBLI 


INTRODUCTION AND SUMMARY 


Thin sections permit little quantitative, 
measurements of optical properties of minerals. 
Therefore, the possibility to measure bire- 
fringence with a Berek compensator should 
not be overlooked; particularly in view of its 
reliable results. 

The calculation, however, to obtain the 
retardation (T) from the compensator reading 
is rather tedious. R. C. EMMONS (1943) has 
given a graphical solution (fig. 1) that is sim- 
pler and better adapted to routine work. 
mp 
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Fig. 1 — Curve for Berek compensator. (After 
Emmons, 1943). 


The nomograph (fig. 4) presented here 
offers a further simplification. EMMONS’ abo- 
vementioned graph is superimposed upon 
‘Michel LEVY’s wellknown birefringence graph. 
The resulting chart gives directly the bire- 
fringence (A) for any given thickness of the 
section and any compensator reading (key 2, 
fig. 3). The thickness is found with the same 
chart from a mineral of known birefringence 
in the same thin section (key 1, fig. 3). 


THE BEREK COMPENSATOR (fig. 2) 


A plate of calcite, 0.1 mm thick, is cut nor- 
mal to the optic axis. By turning a calibrated 
drum, this plate rotates on a horizontal axis 
parallel to the long side of the compensator. 
In a horizontal position (scale reading 30) the 


1 Department of Mineralogy and Petrology, Uni- 
versity of Leyden. 


plate causes no retardation, but rotation to 
either side introduces progressive retardation. 
The longer axis of the index ellipse (N,, o) 
is then parallel to the axis of rotation. 
THE USE OF COMPENSATOR AND 
CHART 

The compensator fits in the slit for the sen- 
sitive-tint (gypsum) plate, in the 45-degree 
position to the vibration planes of the nicols. 
The compensator must always be inserted or 
withdrawn with the scale at 30, otherwise the 
instrument will be ruined. 


Fig. 2 — Berek compensator (Leitz-Wetzlar). 


Select of a mineral of known birefringence 
(A), e.g. quartz, a grain of highest interference 
colour and bring this in the center of the field 
of view. Now turn the stage 45 degrees from 
extinction. Should rotation of the compensator 
increase the retardation, then turn the stage 
90 degrees. Rotation now decreases retardation 
and the two readings (resp. a and b) are re- 
corded at which extinction occurs. The final 


—b 
compensator reading is expressed by: et 


This compensator reading and the known 
birefringence are now entered in our chart 
(fig. 4), according to key 1 (fig. 3) and give 
the thickness of the section. 

In the same manner a compensator reading 
is made for a mineral of unknown birefringen- 
ce. This reading and the predetermined thick- 
ness are entered according to key 2 (fig. 3) 
in the chart (fig. 4) and give the birefringence 
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(A). The grains of known and unknown bire- 
fringence should be close together, because 
thin sections may vary in thickness or be 
wedge-shaped. 
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birefringences. In that case a different curve 
is required. 

The manufacturers of Berek compensators 
are recommended to supply a chart as described 


A 


a 


Fig. 3 — Keys to the use of the nomograph. 
I (left): to find thickness of section (th) from compensator reading (r) and birefringence (A). 
2 (right): to find birefringence (A) from compensator reading (r) and thickness of section (th). 


The chart is reproduced here without the 
curve that is dependent upon the compensator 
being used. Thus any suitable curve can be 
drawn in a copy of this chart. 

Our graph covers the whole range of the 
compensator. For readings from 0 to 20, a 
more accurate graph is obtained by halving 
the values of the readings, retardations and 


here with each instrument to ensure a more 
general use of this valuable accessory. 


Acknowledgment. — The author is indebted to 
Prof. H. J. de Wijs (Mining Dept., Delft) for his 
kindness in reading the manuscript and to W. F. 
Tegelaar and J Pijl for the careful drawing of the 
chart, 


O=PMIBEHR KT NTGTE N U a a 


EEN ONTBREKENDE SCHAKEL IN DE SEMANGKO ZONE (SUMATRA) 


Bij het bestuderen van de bestaande struc- 
tuurkaartjes van Sumatra valt het mij steeds op, 
dat de zo mooi rechtlijnig verlopende of ge- 
tekende centrale „rift zone” ter hoogte van het 
Soempoerdal uit haar evenwicht raakt. 

Tussen Bondjol en Loeboek Sikaping buigt 
zij plotseling langs de Soempoer naar het noor- 
den af en verdwijnt dan in het Oostsuma- 
traanse heuvelland (WESTERVELD, 1952). VAN 
BEMMELEN (1949) spreekt van een vertakking 
bij Rao. Volgens hem zet de westelijke tak zich 
voort langs de Batang Gadis en buigt de ooste- 
liike tak verder noordelijk ook in NW richting 
om. Tussen beide takken ligt dan het prae- 
tertiaire massief van de Goenoeng T'oedjoe. 

Aan het bestaan van de Soempoerslenk valt 
niet te twijfelen wanneer men zich in Loeboek 
Sikaping bevindt en naar het NE opziet tegen 


op Sumatra. Zij ziin gekenmerkt door een grote 
goud-zilververhouding en in het algemeen door 
hun onontginbaarheid. Het zijn goudhoudende 
kwartsen met weinig onedele bijmineralen. Het 
valt te overwegen, of Lebong Donok hier ook 
niet reeds toe behoort, niettegenstaande het 
hoge goudgehalte. Men heeft in Zuid-Sumatra 
tiidens het Laat-Tertiair de sequentie: opleving 
der Semangko zone, zure uitvloeiingen en uit- 
barstingen, vorming van de goudhoudende 
kwartsgangen. Omgekeerd zou men voor 
Centraal-Sumatra uit het voorhanden zijn van 
het hier genoemde ertstype in een zuur ge- 
steentemilieu beproevenderwijs kunnen beslui- 
ten tot de aanwezigheid der longitudinale 
„tft zone” ter plaatse. Nu bevindt zich tussen 
Bondjol en Kota Nopan een reeks van derge- 
lijike afzettingen: 


Vindplaats 


Bondjol (Balimbing) 

Kinandam (ZZW van Loeboek Sikaping, Concessies 
en Charlotte) 
West varı Batoe Bedindi (tussen Loeboek Sikaping 
en Rao, Augusta) 
Moeara Sipongi (Gadang, e.a.) 


Au :Ag Gesteentemilieu 
Approximatief 
ee zuur 
132 Vermoedelijk zuur 
? > 
1 zuur 


de imposante, steile bergwand van de Goenoeng 
Hidjao (2274 m). Ook vanaf Kota Nopan 
suggereert de Gadis-Angkola vallei een slenk- 
zone in het Prae-tertiair. 

Moeilijk valt het evenwel in het terrein tus- 
sen Rao en Moeara Sipongi de westelijke takvan 
de splitsing te ontdekken, aangezien de grote 
weg tussen Rao en Moeara Sipongi de hoge 
waterscheiding (graniet) tussen oost- en west- 
kust passeert. Het lengtedal is hier onder- 
broken. 

Wil men hetzelve over de gehele lengte van 
het eiland handhaven, dan zal men naar een 
andere constructie moeten zoeken. Men zal de 
vertakking zuidelijker moeten zoeken, en wel 
bij Bondjol. De hier veronderstelde westelijke 
tak tussen Bondjol en Kota Nopan ligt dan 
echter voor een groot deel verborgen onder 
jonge efflata. 

Dat deze zienswijze overweging verdient 
moge blijken uit de volgende beschouwing. 

De laat-tertiaire of oud-kwartaire zure uit- 
vloeiingen en tuffen langs de Semangko zone 
hadden in hun gevolg een bepaald type goudaf- 
zettingen, wel te onderscheiden van de meer be- 
kende, oudere, tertiaire edelmetaalvoorkomens 


Onder zuur is verstaan dacietisch tot lipa- 
ritisch. 

Deze afzettingen liggen approximatief op 
een rechte lijn, die Bondjol met Kota Nopan 
verbindt (Sumatra-richting). Deze liin is voor 
een groot deel bedekt door vulkaanproducten. 

In dit verband is ook de opmerking van 
FENNEMA (1887) van betekenis, dat diens 
„zeediluvium” rondom de Pasaman (Ophir) en 
Taloe geheel uit puimsteentuffen bestaat. Hij 
veronderstelt dat deze afkomstig zijn van een 
oude vulkaan en tekent deze puimsteentuffen in 
ziin profiel door tot onder de oostelijke voet 
van de Ophir. "Tot deze suppositie moet zijn 
algemene indruk van het terrein hem aanleiding 
hebben gegeven, zou men zo zeggen. In ieder 
geval ligt hier blijkbaar een uitgestrekt gebied 
met puimsteentuf en dit kan wijzen op een 
vroeg-kwartaire uitbarsting langs de mediaan- 
breuk. 

In het licht van het bovenstaande lijkt het 
mij niet onwaarschijnlijk, dat de op de kaarten 
ontbrekende schakel in de Semangko zone 
tussen Bondjol en Kota Nopan inderdaad 
aanwezig is en reeds in het Jong-Tertiair is 
ontstaan. De suggestieve, vermoedelijk meer 


{ Be 9 
GEOLOGISCH EN MINBOUWKUNDIG NIEUWS 


DE EXPLORATIE NAAR AARDGAS IN DE TWEEDE KAMER 


De expleratie naar aardgas in Nederland is in 
December j.l. het onderwerp geweest van een inte- 
ressant debat in de T'weede Kamer. Dat de explo- 
ratie daar ter sprake gebracht werd, was een zijde- 
lings gevolg van het aardgasbeleil van de Rege- 
ring, zoals dat is uiteengezet in de .‚Nota inzake de 
gasvoorziening’ van de Minister van Economische 


Zaken van 20 April 1953. 


. Het aardgasbeleid van de Regering 


Het aardgasbeleid wordt daarin gezien als een 
onderdeel van het gehele gasbeleid, dat gedeeltelijk 
gebaseerd is op het rapport van de Commissie-Van 
Iterson van 1950, waarin een concentratie van de 
gasproductie in een aantal grote kolenveredelings- 
bedrijven wordt bepleit, en daarnaast voor zover 
mogelijk de vervanging van stadsgas door aardgas 
in het NO van het land. Dit laatste nu is door de 
Minister in zijn gasnota overgenomen, daar volgens 
hem alleen hierdoor van dit hoogwaardige gas ook 
een hoogwaardig gebruik wordt gemaakt, 
wat niet het geval zou zijn bij gebruik ter vervan- 
ging van kolen, zoals voor ketelbrandstof. Hierbij 
volgt de Minister dezelfde gedachtengang als de 
Commissie-Kreukniet, die van de verschillende be- 
stemmingsmogelijkheden van aardgas het nationaal- 
economische rendement heeft berekend en waarvan 
het rapport pas in October 1953 verscheen. 

Deze beperking tot hoogwaardig gebruik nu heeft 
de Staat als enige verkoper in de hand door middel 
van de prijs. De prijs is nl. zodanig gecalculeerd, 
dat deze iets beneden de prijs ligt van op de meest 
rationele wijze geproduceerd stadsgas en ook van 
het gas der Staatsmijnen, mits men het omrekent tot 
eenzelfde calorieöenwaarde (in werkelijkheid ligt deze 
bij aardgas bijna twee maal zo hoog als bij stadsgas 
en bij het gas der Staatsmijnen). Het moet volgens 
de Minister voor een gemeente dus vcordelig zijn 


om op aardgas over te gaan, ook als men de kosten 
van ombouwen van de huishoudelijke apparaten 
mederekent. De industrie komt hierbij, aldus de gas- 
nota, niet te kort, daar zij het gas tegen dezelfde 
prijs verkrijgt als de gemeenten; uiteraard ligt deze 
hoger dan bij gebruik van kolen, zodat laagwaardig 
gebruik alleen al door deze prijsvaststelling ver- 
meden wordt. Slechts indien de werkelijke hoeveel- 
heid aardgas een aanmerkelijk veelvoud zou zijn van 
de thans aangeboden hoeveelheid, zou volgens dit 
beleid ook het laagwaardige gebruik misschien een 
kans kunnen krijgen. 

Dat dit een teleurstelling is voor een aantal in- 
dustrieen in het NO, die hadden gehoopt op een 
goedkope brandstof en zich met dit beleid dan ook 
niet kunnen verenigen, is begrijpelijk; dit kwam o.a. 
tot uiting in een minderheidsnota in het rapport- 
Kreukniet en het klonk ook af en toe door bij de 
behandeling in de T'weede Kamer. Vandaar dan ook 
de belangstelling van deze industrieön voor de wer- 
kelijke hoeveelheid aardgas en het bij sommigen 
gerezen vermoeden dat deze wel wat erg conserva- 
tief was geschat, 


De voorraden aardgas in Nederland 


De gehele aardgaspolitiek van de Minister is nl. 
gebaseerd op het aanbod van de N.A.M. om ge- 
durende 20 jaar een hoeveelheid aardgas van 
400.000 m? per dag te leveren, d.i. 146 mill. m? per 
jaar, of, omgerekend op een calorieenwaarde van 
stadsgas van 4000 cal., ca. 300 mill. m3. 

Ter vergelijking zullen eerst enige aan de nota 
ontleende cijfers gegeven worden van de huidige en 
toekomstige totale gasproductiein 
ons land. Thans (1952) bedraagt deze ruim 1,3 mil- 
liard m3 (van 4000 cal.) per jaar. Dit is rum 8% 
van de gehele energieproductie, tegen een kleine 
17% in de vorm van electriciteit, eveneens 17 % 


recente Soempoertak (geen effusiva, geen erts- 
vorming) heeft de juiste interpretatie ver- 
. troebeld. 

In verband met het bovenstaande zij nog 
opgemerkt, dat de puimsteentuffen in Midden- 
Sumatra nergens door ertsvorming worden be- 
geleid, maar dat de jongste ertsvoorkomens 
steeds optreden in uitvloeiingen en „normale 
tuffen (G. Aroem, Balimbing, Gadang, etc.). 
Dit suggereert een ontstaansperiode dier ertsen, 
welke voorafging aan de kwartaire puimsteen- 


explosies. 
W. DE HAAN 


Den Haag, 28 Mei 1953. 
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T. A. RICKARD f 
Prof. dr. ir. J. Westerveld schreef mij op 21 


dezer o.a.: 


„Maar aanleiding van Uw „In Memoriam T. A. 
Rickard” in G. & M. van Januari wil ik U erop 
attent maken, dat de overledene ook de auteur is 
geweest van het bekende en fraai uitgevoerde werk 
in 2 delen: Man and Metals, a history of mining in 
relation to the development of civilization (1932). 

Men vindt hierin een interessante samenvatting 
van de mijnbouw in prehistorische tijd, bij de Egyp- 
tenaren, de Phoeniciers, de Engelse Kelten, de 
Grieken, de Romeinen, tijdens de Middeleeuwen in 
Europa, bij de Spanjaarden, enz.” 

Aangezien mij dit werk onbekend was, dank ik 
Prof Westerveld voor zijn waardevolle aanvulling 


van mijn herdenkingswoord. 
DE Haan 


Den Haag, 22 Januari 1954 
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als vloeibare brandstof en 58% als vaste brand- 
stof. Van de huidige gasproductie wordt 31% in 
1952) geleverd als „afstandsgas” (Staatsmijnen, 
Hoogovens, import uit Duitsland, enz.). 

Voor 1960 wordt de gasproductie geraamd op 
2 milliard m, waarvan 1,3 milliard afstandsgas. 
Hierbij is niet alleen gerekend met een sterke pro- 
ductieverhoging van Staatsmijnen en Hoogovens, 
maar daarnaast ook met aardgas en kraakgas. Dit 
laatste is door zijn onregelmatige productie thans 
slechts beperkt bruikbaar voor afstandsvoorziening, 
dech zou door koppeling aan het aardgasnet, dat 
de onregelmatigheden kan opvangen, in veel gro- 
tere mate beschikbaar kunnen komen. 

Over de bovengenoemde schatting van de voor- 
raden aardgas in Nederland deelde de Minister in 
antwoord op de vragen van de Kamer mede, dat er 
een verschil bestaat tussen het Wanneperveen-veld 
en de overige velden. In Wanneperveenis 
een reservoirgesteente van weliswaar kleine uitge- 
strektheid, doch met vrij goede porositeit en met 
een dikte van maximaal 23 m, die naar de randen 
snel afneemt. Hier is een benaderende voorraads- 
bepaling mogelijk, nl. van 2 milliard m3. Het veld 
De Wijk heeft weliswaar een vrij grote uitge- 
strektheid, maar de gashoudende laag is uiterst dun 
of soms afwezig. In de gasvelden Coevorden, 
Tubbergen en Denekamp echter is 
het gashoudende gesteente (Zechstein) bijna niet 
poreus en moet het gas zich dus in fijne spleetjes 
bevinden, zodat hier de werkelijke voorraad pas be- 
paald kan worden uit de drukafname tijdens de 
productie; hier was een conservatieve schatting 
door de N.A.M. dus onvermijdelijk. 

Uiteraard bestaat er, wat door iedereen wordt 
gehoopt, een mogelijkheid dat de werkelijke voor- 
raad groter is dan de thans aangeboden hoeveel- 
heid, maar rekenen hierop mag men niet en het 
beleid van de Minister moet zich nu eenmaal rich- 
ten naar het thans gedane aanbod. 

Hoewel de geschatte voorraad gering is vergele- 
ken bij die van bv. Italiö met in 1953 reeds een 
dagproductie van 6 & 7 millioen m® en een geschatte 
reserve, in fraaie anticlinalen met een 30—100 m 
dik reservoirgesteente, van 60 milliard m®, is deze 
nog altijd groter dan die van Duitsland, waar 
de helft van de totale dagproductie van 260.000 m® 
geleverd wordt door 3 putten te Bentheim, en iets 
kleiner dan die van Frankrijk, waar het enige 
producerende veld (St. Marcet) 753.000 m3 p. d. 
levert, met een reserve, die op 4,8 milliard m3 wordt 
geschat. 


Aardgas-exploratie 


Over de exploratie- en exploitatie-activiteit werd 
in de Kamer de vrees uitgesproken, dat het gas 
door de N.A.M. achtergesteld zou kunnen worden 
bij de olie, die toch het hoofdproduct vormt van 
deze maatschappij. Om te illustreren dat dit niet het 
geval is, deelde de Minister mede, dat in de huidige 
concessievelden, afgezien van Schoonebeek, in de 
laatste vijf jaar 26 boringen ziin verricht waar- 
van 3 niet voor gas, 7 voor gas- exploratie en 16 
voor evaluatie van reeds gevonden aardgasvoor- 
komens. Van de gasboringen gaven er 12 produc- 
tie, 2 weinig en 9 geen gas. Buiten de concessie- 
velden, waar de exploratie geheel vrij is, is in de 
laatste 3 jaar iets meer dan de helft van het aantal 
geboorde meters op gas gericht geweest, zodat er 
geen sprake is van een achterstelling van de gas- 
exploratie bij die naar aardolie, 


Vele waren de vragen van de Kamer over het 
toezicht op de N.A.M., en van alle zijden, zowel 
van rechts als van links, werd aangedrongen op een 
goede contröle door de verschillende organen van 
de Staat op de activiteit van de N.A.M. Er bleek 
bij de vragenstellers dan ook geen duidelijk begrip 
te bestaan voor het totale verschil in omstandig- 
heden in en buiten de concessiegebieden. Voor de 
concessiegebieden is het toezicht geregeld in het 
Mijnreglement 1939 en artikel 10 van de concessie- 
akten, en op grond hiervan krijgen de Inspecteur- 
Generaal der Mijnen en de Geologische Stichting 
alle benodigde gegevens. Buiten de concessiegebie- 
den is de exploratie volgens onze mijnwet van 1810 
echter voor iedereen geheel vrij en bestaat er geen 
enkele verplichting -tot het overleggen van andere 
gegevens dan die der boringen; vrijwillig geeft de 
N.A.M. aan de Geologische Dienst echter inzage in 
seismische gegevens op haar kantoor te Oldenzaal, 
en meer mag men, aldus de Minister, bij het thans 
geldende mijnrecht redelijkerwijze niet verlangen. 

Wij zullen hier niet verder ingaan op het krach- 
tige betoog van de Minister ter verdediging van het 
eigenlijke aardgasbeleid, dat door de Kamer in het 
algemeen is aanvaard. Men zal moeten afwachten 
hoe, als de eerste moeilijke jaren voorbij zijn, 
de overschakeling op aardgas in de practijk verloopt 
en vooral hoe groot de werkelijke voorraden, op 
grond van de drukafname tijdens langere productie, 
zullen blijken te zijn. 


A.]. P. 


NEDERLANDSE CONTACT-COMMISSIE 
VOOR HET INTERNATIONAAL GEOLO- 
GISCH CONGRES — Tijdens de 19e zitting van 
het Internationaal Geologisch Congres te Algiers is 
een resolutie aangenomen, waarbij wordt aanbevo- 
len om in elk land een organisatie in het leven te 
roepen, die kan dienen voor het contact tussen het 
Internationaal Geologisch Congres en de geologen 
van dat land. Voor dit doel is hier te lande inge- 
steld de „Nederlandse Contact-Commissie voor het 
Internationaal Geologisch Congres”, gezamenlijk 
opgericht door de Koninklijke Nederlandse Akademie 
van Wetenschappen, het Koninkliik Nederlandsch 
Geologisch Mijnbouwkundig Genootschap en de 
Geologische Stichting. De commissie bestaat uit de 
heren Dr. H. M. E. Schürmann, voorzitter; Prof. 
dr. H. A. Brouwer, onder-voorzitter; Dr. A. J. Pan- 
nekoek, secretaris-penningmeester; en de leden Prof. 
dr. G. H. R. von Koenigswald, Prof. dr. Ph. H. 
Kuenen, Prof. dr. E. Niggli, Dr. A. A. Thiadens, 
Prof. dr. I. M. van der Vlerk, Ir. A. van Weelden 
en Prof. ir. H. J. de Wijs. Het secretariaat is ge- 
vestigd Spaarne 17 te Haarlem. 


VIERDE WERELD PETROLEUM CONGRES 


— Volgens het besluit van de „Permanent Council 
of the World Petroleum Congres” zal het vierde 
congres in Itali€ worden gehouden. Blijkens de zo- 
juist verschenen eerste circulaire zal het congres 
van 6—15 Juni 1955 in Rome plaats vinden. Exem- 
plaren van de eerste circulaire, met een voorlopige 
aanmeldingskaart, kan men aanvragen bij het 
„Comitato Generale Organizzatore del Quarto Con- 
ee Mondiale del Petrolia’, Via Tevere 20, 
oma. 
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Maandgemidd. M: 4 emidä 
1925 DER ISSN TI ne 
Sn om ET EB FEREFE RE SE ERBEN 
et ee rn DET Ball te 0 
NEDERLANDSE STEENKOLENMIJNEN 
Maandproductie kolen, in tonnen she 1 044 362 1 019 867 944 920 1 024 706 
Gem. productie per gewerkte dag, in tonnen 40795 39312 
Gem. productie per 8-urige werkdag, in tonnen 42 825 BalaEES: 
Totaal aantal verrichte diensten o g. (per maand) 649 033 655 358 616 342 653 929 
Netto productie industriebriketten, in tonnen 6 190 5792 4 630 5.349 
Netto productie eierbriketten, in tonnen 121 63 040 49 253 70 017 
Productie cokes, in tonnen . u: 206 414 204 610 211 887 203 762 
Productie kunstmest, in tonnen stikstof 11 062 11 260 12 241 11 296 
Productie electriciteit, in kWh 117 552 902 124 085 102 | 128 096 807 | 121 537 060 
Cokesovengas 81 591 81 160 84 331 81 219 
Generatorgas 2. : 8 3777 5 858 6932 578 
NEDERLANDSE AARDOLIE MAATSCHAPPIJ 
Productie van aardolie, in kg tonnen 59 594 74 417* 74 276* 67 521 
lle periode 12e periode 
2.11-29.11 30.11-31.12 
(4 weken) (4!/g weken) 
KON. NEDERLANDSCHE ZOUTINDUSTRIE 
Productie van zout, in tonnen 34 568 43 283 5132| 39 055 


* inclusief winnıng in Rijswijk 
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Bestimmungsbuch und Systematik der Böden 
Europas. von W. L. Kusıena. 392 S. mit 12 
Abb. und 26 farb. Taf. Ferd. Enke Verlag: 
Stuttgart, 1953. Prijs ingen. DM 35.—, geb. 
DM 38.—. 


Professor Kubiena behoort reeds lang tot de meest 
vooraanstaande bodemkundigen. Zijn eerste grote 
werk: Micropedology (1938) heeft geheel nieuwe 
mogelijkheden voor het bodemkundig onderzoek ge- 
schapen, die echter nog weinig benut zijn. In 1948 
verscheen zijn werk: Die Entwicklungslehre des 
Bodens en thans ligt voor ons een werk over de 
gronden van Europa, in twee talen uitgegeven. 

Wij hebben dit laatste werk met gemengde ge- 
voelens gelezen. Enerzijds biedt het veel onbekends 
dat waard is gemeengoed te zijn, anderzijds gaat 
het in de classificatie van de gronden uit van be- 
ginselen die tot verwarring aanleiding geven. 

Het positieve is, dat het boek zeer veel behan- 
delt, dat verborgen zit in oudere, regionale litera- 
tuur, die aan weinigen bekend zal zijn. Zo zullen 
velen hun voordeel doen met de indeling van de 
onder-water-bodems en van de humusvormen, voor 
een groot gedeelte uit Skandinavische bronnen af- 
komstig. Hetzelfde geldt voor de toendrabodems. 
Veel nieuws is afkomstig uit Spanje, het laatste 
werkterrein van de schrijver. Europa is een groot 
continent en dank zij de studien over de gronden 
van uiterst noord en uiterst zuid mag het boek 
inderdaad Europees worden genoemd. 

Minder geslaagd achten wij echter het indelings- 
systeem, dat door de schrijver het natuurlijke 
systeem wordt genoemd. Hoewel de bodemclassifi- 
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catie in beginsel los staat van de bodemkartering, 
is het steeds gevaarlijk, te classificeren zonder kar- 
tering. Nu is bodemkartering een werk van lange 
adem en niet alle Europese landen houden zich met 
de kartering bezig. Het gevolg is, dat de gronden 
van vele Europese landen volgens moderne maat- 
staven slecht bekend zijn. Het moet hachelijk heten, 
zaken te classificeren, die onvoldoende bekend zijn 
en een classificatie van de Europese gronden is dan 
ook bepaald praematuur. 

Deze opmerking zou van weinig belang zijn, ware 
het niet, dat in andere delen van de wereld, in de 
V.,S., Canada, Australiö, Nieuw-Zeeland en elders, 
de bodembclassificatie volgens geheel andere princi- 
pes wordt opgebouwd. In al deze landen, waar de 
bodemkartering bloeit, streeft men naar een taxono- 
misch systeem, d.w.z., men deelt de gronden in naar 
hun eigenschappen en niet naar theorieön over de 
bodemgenese. Het natuurliike systeem van de 
Europese gronden is een stap in het duister en mis- 
kent de serieuze arbeid, die nodig is om de gronden 
goed te bestuderen. 

Men zou het systeem van Kubiöna ook een anti- 
Amerikaans systeem kunnen noemen. Alle catego- 
rieöen onder die van de great soil groups worden 
afgedaan met de karakteristiek locale vormen. De 
schrijver vergelijkt de soil series met de landrassen 
van onze cultuurplanten, dus de great soil groups 
met de soorten in de biologie. Dit is bijna onge- 
lofelijk. Het zijn dergelijke geheel onredelijke bewe- 
ringen, die wij op het oog hadden, toen wij in het 
begin van dit referaat van verwarring spraken. 

In een systematiek kan men van boven naar 
beneden of van beneden naar boven werken. De 
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ij i Koninklijk Nederlandsch Geo- 
daq 20 Maart 1954 te 15.00 uur, bijzondere vergadering van het c 
En Re Genootschap in het gebouw van het Koninklijk Instituut van Ingenieurs, 
Prinsessegracht 23 te 's-Gravenhage. 
Spreker: Dr. H. J. Zwart over: „Talkvindplaatsen in de Pyreneeen en hun relatie tot 


andere talkvoorkomens’ 
De Secretaris, 


H. J. DE WIJS 


Programma Afdeling Mijnbouw Hogeschooldagen 1954, Vrijdag 2 April 
Behandeld zullen worden geologische en mijnbouwkundige onderwerpen betreffende 


NEDERLANDS NIEUW-GUINEA. 


Inleiding door Prof. Dr. F. J. FABEr. 

Dr. J. H. Drvir: Aspecten uit de omgeving van Merauke. 1 

F. A. Scnhirrers: Het Ni- en Co-erts van het Cycloopgebergte (le T.H.-Expeditie). 

Ir. J. L. H. Bemermans: De 2e T.H.-Expeditie. 

Idem: De Vulkaan Oemsini bij Manokwari. 

A. G. Borman: Het koolvoorkomen bij Straat Sele. 

Prof. Ir. C. L. van Nes: Het verwerken van de nikkel- en cobaltertsen, die tevens man- 


10.00 uur 
10.20 
10.50 
11.20 
11435 
11.50 
12.10 


gaan en chroom bevatten, vraagt producten, die aanleiding geven tot het stichten van 
nieuwe industrieen. 


Pauze. 


12.40 


13.00 Lunch in het Gebouw voor Mijnbouwkunde. S 

Voor hen, die f 1.50 sforten op girorekening no. 29917 van R. Mees & Zoonen, Delft, 
onder vermelding: „£/g De Wijs-Delfstofkunde”, zullen broodjes en koffie worden ge- 
reserveerd. Dit zelfde geldt voor hen, die f 1.50 contant aan Ir. J. L. H. Bemelmans 
(Kamer 112, Gebouw voor Mijnbouwkunde) betalen, mits dit vöör 30 Maarf geschiedt. 
Ir. J. Kreinsmiepe: Aardolie op Nieuw-Guinea. 


Deze voordracht wordt gevolgd door een film, die de moderne exploratie illustreert. 
De voordrachten zijn, voor zover de plaatsruimte dit toelaat, voor alle belangstellenden toe- 


12.00 


gankelijk. 
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t.o. 38, Woonschip „Heemskerk”. (bg) (L.G.V.) 
BOUMA, A. H. —, Groningen, Grafamastraat 14. 


(bg) 

*EDELMAN, c.i. Ir. T. —, Hoofdingenieur b. d. 
Rijkswaterstaat, Directie Algemene Dienst, 's-Gra- 
venhage, Tomatenstraat 78. (g) (gk) 

*FADDEGON, Dr. J. M. —, Geoloog b. d. Oost 
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reikt aan Prof. -Dr. Ir. C. H. Edelman m.i., 21 

Februari 1953, i.p.v. 1951. 


* reeds in nieuwe ledenlijst opgenomen. 


Utrecht, Oude Gracht 
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Amerikanen hebben terecht beide principes gevolgd. 
De aansluiting is nog niet goed, maar daaraan 
wordt sinds de oorlog met kracht gewerkt. Het 
systeem van Kubiena is een extreem voorbeeld van 
werken van boven naar beneden, waarbij de grote 
variatie van de gronden zelf op geringschattende 
wijze wordt weggeredeneerd. 

Wanneer de vakman dit boek toch telkens op- 


nieuw zal raadplegen, dan is dat niet omdat het 
systeem zo aantrekkelijk is, maar omdat de schrijver 
zoveel weet en gezien heeft. Het is altijd de moeite 
waard om vast te stellen, wat Kubiöna van een door 
hem beschreven grond te vertellen heeft. En daarom 
is de verschijning van dit boek, ondanks opvallende 
bezwaren, toch een evenement. 


C. H. EDELMAN 


DB De Militair-Geologische Dienst vraagt, ter standplaats ’s-Gravenhage, een 


HOOFD V.D. AFDELING BODEMONDERZOEK 


in de rang van ingenieur of adj.-ingenieur, afhankelijk van leeftijd en ervaring. Enige 
ervaring op het gebied van grondmechanica gewenst. Indiensttreding zo spoedig 
mogelijk. 

Volledige sollicitaties onder motto ZA/MGD 536 (in 


linker bovenhoek envelop en 
brief) aan de Centrale Personeelsdienst, Bezuidenhout 15, Den Haag. | 


VICTOR PRODUCTS LIMITED 


WALLSEND-ON-TYNE 
ENGLAND 


Lichte stijl, vlug op te stellen. 
Geleidschroef vastgeklemd door 
ontkoppelbaar tandwiel. Klauw- 
koppeling en tandradkast inge- j 
bouwd in de boor, 
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- Opneming van de tegendruk 
Draaiende door de stijl. Eenvoudige con. 
boormachine tröle en doorlopend boren. 


Grote tijdsbesparing. 
met auto- 


matische aan- 
drukking voor 
zachte steen 


Vertegenwoordigers: 


N.V. Ingenieursbureau voorheen J. M. C. van Borselen & Co. - Lange Poten 15a - Den Haag 


PERCUSSION DRILLING 


E. Ryd 


(See page V]) 


In the machineiitself of course 
the piston is the most important part and all 
the rest is just means to put that into action in 
the right way. 

Although the drill should be, when ready, 
very simply looked upon from the machine 
builder's viewpoint, a lot of thinking, experi- 
ments, work, and money are spent before a 
new model is brought into that state. It must 
in spite of that simplicity be able to fulfil the 


of this type is that the piston is moving under 
the influence of the compressed air only, except 
when it is striking the steel. Consequently there 
is no such thing as a speed governor. The piston 
is running at the speed the air pressure is able 
to give it during the length of the stroke, 
depending of course of the air pressure itself, 
the area of the piston, and the weight of the 
piston. When these dimensions are given, the 
characteristic datas of the drill are also fixed. 


Grinding machine immersed in water for grinding drill steels underground 


Water level 


Grinding machine 
Handle with inlet 
Grinding wheel 
Drill steel 


demand from the miner both in respect of 
drilling capacity and easy handling. It must also 
stand up well against the abuse and severe 
stresses from its work and at last also satisfy 
the production engineers’ wishes. The parts 
must be easy to machine to the high accuracy 
required. It has been said that a rock dtill is 
the machine covered by the greatest number of 
patents per kilo of weight. 

The characteristic feature of the rock dhrill 
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Projected water level for lowered machine (grinding position) 


Bridge, collapslble 

Water chamber 

Air device 

Suspension iron 

Swivelling centre of bridge 


Propasal for spark-free grinding of drill steels 


It is often said that the valve is giving a certain 
drill a quick action. This is, however, a little 
bit misleading. It is quite true that the valve 
can mean a lot to the air consumption and also 
to the efficiency, with which the cylinder 
volume is used for real work, but it cannot 
affect the number of blows per minute very 
substantially. 

To give a very approximate illustration of 
the way in which a rock drill is influenced by 


the various factors, we can deal with the pro- 
blem in the following way. 

The energy the rock drill is delivering to the 
shank end per minute is equal to the number 
of blows per minute multiplied by the energy 
per blow or, using the usual symbols nMv2. 
Using also the conditions between v, M and 
the force of the air pressure on the piston 
having a diameter D, it is possible to transform 
the above mentioned expression to the follow- 
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Correlation between drilling speed and construction 
data of rock drill 


drilling speed 

constant 

air pressure 

diameter of piston 
velocity of piston 
number of stroke 

mass of piston 

tine of one piston stroke 
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Pressure and piston movement 
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IX 
ing, where N is representing the energy per 
minute; specific air pressure p, and piston 
velocity v. 

N-= GC. D2pv 

It is further known that the drilling speed 
is approximately in direct proportion to the 
energy per minute delivered by the drill to the 
shank end. "The above mentioned expression 
is consequently giving the factors on which 
the drilling speed of the drill is dependent. 

As it is giving some information concerning 
the possibilities to increase this drilling capa- 
city, which of course is what everybody is 
looking for, it might deserve a little further 
discussion. 

The piston diameter D is representing the 
size of the drill and it is quite natural that if 
one picks a bigger drill, it will drill faster. A 
bigger drill, however, usually means a heavier 
drill too and a heaver drill is more difficult to 
handle and because of that one is very likely 
to lose in shifting the drill between the holes 
what you gain in drilling them. A heavier drill 
also means a heavier rig to carry it, which is 
of a bad influence on your rigging and tearing- 
down times. There are of course the chances 
of changing the proportions of the piston, to 


diagrams in correlation to time 
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increase the diameter without increasing the 
weight of it and not of the total drill either. 
That is exactly what has been done for instance 
with the Atlas drill RH 754 and that is the 
reason why it is giving a good performance. 
In that case the feeding device is a pusher leg, 
which is still fairly light and does not effect 
the handling of the drill seriously. | 
The next factor is p, the air pressure. It is 


not only because of the increased pressure 
itself. It is also due to the fact that the velocity 
of the piston is increasing. Doing so, the strains 
of the parts in the drill and especially in the 
drill rod are increased too and very often in a 
dangerous way. In Sweden, for instance, 
approximately twenty years ago, there was a 
tendency to increase the air pressure from the 
useal 7 atm. to 12 and quite a few mines 


Air pressure and valve movement diagrams in correlation to piston stroke 


not at all astonishing that one could increase 
the drilling speed by increasing the air pressure. 
That is what has been done many a time, but 
what deserves attention is that one can do 
that without increasing the velocity of the 
piston. When one takes a standard rock drill 
and increases the air pressure, with which it is 
operating, one gets an increased drilling speed 


operated that way for many years, As they 
used standard drills at that high pressure, 
however, the upkeep of the drill itself and 
especially the drill steel was very heavy and 
although it still paid in many cases the idea 
was not an entire success. The fact remains 
though that a drill designed for that pressure 
would have given in the long run a much more 


satisfactory result and that could of course be 
said even if one is increasing the pressure from 
4 atm. to 7. 

The piston velocity is the third possibility 
the designer has got to play with when trying 
to improve the drill as has been shown earlier. 
That is, however, a dangerous toy and until 
we are in a substantially better position con- 
cerning the fatigue figures of the drill steel, 
not very much can be done that way. 

For those reasons the possibilities to develop 
percussion drilling should not be looked upon 
pessimistically. A careful study of what is 
going on inside the drill, which now is possible, 
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XI 
from the diagram the amount of work delivered 
by the compressed air to the piston and from 
the piston to the steel. It is possible to find 
out approximately the efficiency of the drill 
and it is also possible to establish the amount 
of work necessary for drilling a hole of a 
certain size in a rock of a certain quality. It is 
also possible from datas of that kind of course 
to precalculate another rock drill intended to 
satisfy a special purpose. For these calculations 
the diagram should be transformed from the 
way it is originally taken, i.e. with the time as 
a base, to another shape giving the piston 
stroke as a base. 


Be 


Relation between the increase in the number of metres drilled per shift and the increase of the net drilling 
speed at the stated net time percentages valid before the alternation 


1) Increase of metres drilled per shift in °/) 
2) Net time in %) of the gross time 
3) Increase of the net drilling speed in 0) 


will certainly open an increased knowledge and 
direct the way to better solutions than the 
present ones. This work is going on con- 
tinuously and the results are coming gradually, 
to correspond to the new demands also con- 
tinuously coming up. As an example of such 
studies a diagram is shown where the piston 
velocity, pressure behind the piston and in 
front of it, as well as the movements of the 
valve are indicated by curves. It is possible to 
follow quite closely what is going on in the 
drill during actual drilling and to calculate 


We have reached now the point, where it 
ought to be discussed and considered, what is 
the effect of the percussion, i.e. of the impact. 
It sounds maybe a little silly to waste time and 
words on that and maybe it is, but still it might 
be worthwhile to get the picture complete. 

In order to get a very high force able to 
crush the rock without getting the correspond- 
ing reaction force, the impact is used as a 
kind of gear by using a relatively small force 
created by the air pressure of the piston. 
During the travel of that piston, the piston is 
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1) Advance per shift in metres 
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given a certain amount of energy, which is 
delivered to the shank end during the very 
small movements of the impact and conse- 
quently the force involved is just as many 
times greater. Consequently, the whole idea is 
to crush the rock without having to take care 
of the heavy reaction force. That is why it 
is possible to make the equipment easy to 
handle and that is also where it has its best 


merits, 


Let us bring up the question of how the 
rock drill should be used to its best advantage. 
The really important thing is how many metres 
could be drilled in the shift per man and a 
high net drilling speed is not of a great value 
itself. It is worthwhile only as a way to get 
a good result per man hour. For that purpose 
it must be combined with a good proportion 
between the net drilling time and the over-all 
drilling time. A high net drilling speed of course 
in itself is an enemy to a good figure of that 
proportion. The faster the drill is working, the 
shorter the net drilling time will be and if it is 
taking the same number of minutes or seconds 
to shift the drill from one hole to the next, 
these lost times will be just the same and they 
will consequently take greater share of the 
over-all drilling time. Consequently, one cannot 
give up anything in favour of easy handling 
even if one gains quite a bit in net drilling 
speed. 

If one is looking for high efficiency per man 
hour, for those reasons the two-man rock drill 
is out immediately. It has not been possible to 
increase the speed of a drill to such an extent 
that its capacity can correspond to what two 
men could do using one drill each. Even in the 
fairly hard rock we usually have to deal with 
in Sweden, it was found during the nineteen- 
twenties that a drifter drill, the operation of 
which needed two men, could never compete 
and that type of a drill has never been taken 
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Detail of air motor 
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Spring steel put into hole 


underground in a Swedish mine for a serious 
test since that time. 


The success of the tungsten carbide tipped 
steels is also to be looked upon as mainly due 
to the saving which could be obtained in these 
lost times. A very instructive diagram was made 
by the Boliden Mining Company’s efficiency 
department at an early stage of the tests with 
these steels and is still valid as a good picture 
of what you could expect from this new 
development. 


Together with the tipped steels, lighter drills 
were introduced which using the carbide drilled 
very slightly faster than the previously used 
heavier drills using ordinary steels, but the 
output per shift was nearly the double due to 
the easier handling of the drill making a faster 
shifting between holes possible and also due 
to less steel changes and a smaller weight of 
steels to be moved around. 


The depth of the holes, of course, and the 
number of holes possible to drill from one 
position of the rock drill are important factors 
for how much time one can afford to lose when 
shifting the drill from one position to the next. 
In drifting for instance, when the holes usually 
are shorter than 3 metres and one only can 
drill just one hole before moving the rock drill, 


AD drilling equipment for the Laisvall Mine 


the pusher mounted drill has come out on top 
just because of its lightness and the speed with 
which it could be moved. The last example is 
in developing the new drifts for the caving 
system in Kiruna, where a simple platform 
using three pusher leg drills, out-drills every- 
thing else. 

On the other hand, when drilling the deeper 
holes up to 5 metres for breaking the ore from 
those drifts, where a lot of holes could be 
drilled from the centre of the drift, a much 
more industrialized system could be used. A 
drill carriage carrying two drills and also, as 
it is used now, having a special compressor 
with in easy reach and using the hot air, could 
drill 160 metres per shift in the fairly hard 
rock. This is a performance which no pusher- 
fed drill could beat. It might be a matter of 
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interest to know that in this rig also the spring 
steel might be utilized. "That was originally 
developed for the same system of mining in 
the Grängesberg mine, where the dimensions 
are much smaller, but it was necessary to put 
in holes deeper than the space in the drift 
would have allowed, if the steel could not be 
bent when put into the hole or withdrawn 
from it. 

Another example of this mechanized drilling 
is the carriage used in the lead mine of the 
Boliden Company. It is erected on a huge 
caterpillar tractor and carrying two platforms, 
each equipped with two drills operated by one 
man on each platform. "The best result up to 
now has been approximately 250 metres per 
man and shift in a sandstone, reasonably hard 
and extremely abrasive. 
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